A computer simulation of shaping and "Mef" relations in a functional approach to syntactic verbal behavior / by Renshaw, Steven L.,
INFORMATION TO USERS
This material was produced from a microfilm copy of the original document. While 
the most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the original 
submitted.
The following explanation of techniques is provided to help you understand 
markings or patterns which may appear on this reproduction.
1.The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to  obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting thru an image and duplicating adjacent 
pages to insure you complete continuity.
2. When an image on the film is obliterated with a large round black mark, it 
is an indication that the photographer suspected that the copy may have 
moved during exposure and thus cause a blurred image. You will find a 
good image of the page in the adjacent frame.
3. When a map, drawing or chart, etc., was part of the material being 
photographed the photographer followed a definite method in 
"sectioning" the material. It is customary to begin photoing at the upper 
left hand corner of a large sheet and to continue photoing from left to 
right in equal sections with a small overlap. If necessary, sectioning is 
continued again — beginning below the first row and continuing on until 
complete.
4. The majority of users indicate that the textual content is of greatest value, 
however, a somewhat higher quality reproduction could be made from 
"photographs" if essential to  the understanding of the dissertation. Silver 
prints of "photographs" may be ordered at additional charge by writing 
the Order Department, giving the catalog number, title, author and 
specific pages you wish reproduced.
5. PLEASE NOTE: Some pages may have indistinct print. Filmed as 
received.
Xerox University Microfilms
300 North Zeeb Road
Ann Arbor, Michigan 48106
76-3126
RENSHAW, Steven Luck, 1948- 
A COMPUTER SIMULATION OF SHAPING AND "MEF" 
RELATIONS IN A FUNCTIONAL APPROACH TO 
SYNTACTIC VERBAL BEHAVIOR.
The University o f Oklahoma, Ph.D., 1975 
Speech
Xerox University Microfilms, Ann Arbor, Michigan 481oe
0  1975
STEVEN LUCK RENSHAW
ALL RIGHTS RESERVED
THIS DISSERTATION HAS BEEN MICROFILMED EXACTLY AS RECEIVED.
THE UNIVERSITY OF OKLAHOMA 
GRADUATE COLLEGE
A COMPUTER SIMULATION OF SHAPING AND "MEF" 
RELATIONS IN A FUNCTIONAL APPROACH 
TO SYNTACTIC VERBAL BEHAVIOR
A DISSERTATION 
SUBMITTED TO THE GRADUATE FACULTY 
in  p a r t i a l  f u l f i l lm e n t  o f  th e  re q u ire m e n ts  fo r  th e
deg ree  o f 
DOCTOR OF PHILOSOPHY
By
Steven  L. Renshaw 
Norman, Oklahoma 
1975
A COMPUTER SIMULATION OF SHAPING AND "MEF" 
RELATIONS IN A FUNCTIONAL APPROACH 
TO SYNTACTIC VERBAL BEHAVIOR
APPROVED BY
DISSERTATION COMMITTEE
A COMPUTER SIMULATION OF SHAPING AND "MEF"
RELATIONS IN A FUNCTIONAL APPROACH 
TO SYNTACTIC VERBAL BEHAVIOR
ABSTRACT
The pu rp o se  o f  t h i s  s tu d y  was to  d ev e lo p  and s im u la te  an 
a x io m a tic  system  based  on a s t r u c t u r a l / f u n c t i o n a l  approach to  language 
i n t e r a c t io n  in  com m unication. Though com m unication is  o f te n  d e f in e d  
as  p ro c e s s ,  few approaches have d e a l t  a d e q u a te ly  w ith  th e  sy s te m a tic  
r e l a t i o n  o f  c o n s tr u c t s  over tim e . Thus, th e  r a t i o n a l e  f o r  th e  s tu d y  
i s  based  upon a rev iew  o f  b a s ic  s t r u c t u r a l  and fu n c t io n a l  co n ce rn s  in  
language b e h a v io r , th e  need f o r  a com bination  o f  b o th , th e o r e t i c a l  
b ases  w hich may a id  in  th e  c o n s tru c t io n  o f  such an  ap p ro ach , and a s e t  
o f  p r e - th e o r e t i c  assum ptions w hich p ro v id e  g u id e l in e s  f o r  a r ig o ro u s  
developm ent o f  an  ax io m atic  system .
The ax io m a tic  system  p roceeds from a s e t  o f  p r im it iv e s  to  a 
s e r i e s  o f  d e f i n i t i o n s ,  axiom s, and theo rem s. The fo u r  b a s ic  r e l a t i o n s  
w hich emerge in  th e  system  co n cern  th e  language in t e r a c t io n  o f  p erso n s 
over tim e . These r e l a t i o n s  in c lu d e : (1 ) sh ap in g  (Sha) tow ard s im i­
l a r i t y ,  (2 ) m u tual e f f e c t  (Mef) tow ard s i m i l a r i t y ,  (3 ) c o u n te r-sh a p in g  
(CSha) tow ard d i s s i m i l a r i t y ,  and (4 ) c o u n te r -m u tu a l- e f f e e t  (CMef) 
tow ard d i s s i m i l a r i t y .
i i i
Based upon th e  ax io m a tic  sy stem , a m a th em a tica l model was 
d e r iv e d ,  and a s im u la tio n  program  was w r i t t e n  to  t e s t  th e  i n t e r n a l  
v a l i d i t y  and lo g ic  o f  th e  sy stem . The j u s t i f i c a t i o n  f o r  such  a p ro c e ­
d u re  was b ased , in  p a r t ,  on th e  need fo r  f u r th e r  c l a r i f i c a t i o n  and 
developm ent o f th e  sy stem . As a  r e s u l t  o f  th e  s im u la t io n ,  (1 ) two 
axioms w ere f a l s i f i e d ,  and s u b s t i tu t io n s  were found; (2 ) tw elve a d d i­
t i o n a l  axioms a n d /o r  theorem s w ere developed ; (3 ) due to  th e  e x is te n c e  
o f  un ique c a s e s ,  two a d d i t io n a l  d e f in i t i o n s  o f  r e l a t i o n s  w ere d e v e l­
oped in c lu d in g  sh a p e -c o u n te r-sh a p e  (ShaCSha) and m utual e f f e c t - c o u n te r -  
m utual e f f e c t  (MefCMef) ;  (4 ) a m ethod fo r  d e s c r ib in g  com binations o f 
in d iv id u a ls  w ith in  n-member g roups was e s ta b l i s h e d .
S u g g es tio n s  a r e  made f o r  f u r th e r  developm ent o f  th e  lo g ic a l  
s t r u c t u r e  o f  th e  ax io m a tic  sy stem , and g u id e lin e s  a re  p roposed  fo r  
(1 ) th e  e m p ir ic a l v a l id a t i o n  o f  th e  s t r u c t u r e ,  (2 ) th e  r e l a t i o n  o f  th e  
s t r u c t u r e  to  o th e r  v a r ia b le s  and c o n s t r u c t s ,  and (3 ) th e  im pact o f  th e  
approach  on th e  b ro a d e r c o n te x t  o f  s o c ia l  and c u l t u r a l  sy stem s.
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INTRODUCTION
T hat com m unication e n t a i l s  b o th  p ro cess  and in t e r a c t io n  seems 
to  be g e n e ra l ly  a c c e p te d  by r e s e a rc h e r s  in  th e  f i e l d .  One has  b u t to  
look  a t  m ost fundam en ta ls  te x tb o o k s  (G if f in  and P a t to n ,  1971; S c h e id e l ,  
1972; Wenburg and W ilm ot, 1973; and Burgoon, 1974) to  f in d  d e f in i t i o n s  
o f  com m unication as p ro c e s s ,  i n t e r a c t io n ,  t r a n s a c t io n ,  o r  some com bi­
n a t io n  o f  th e s e .  Y et d e s p i te  a growing em phasis on com m unication as 
p ro c e s s ,  th e  co n ce p t seems to  rem ain  e lu s iv e .  A f te r  tu rn in g  p a s t  th e  
in t ro d u c to ry  c h a p te rs  o f  most com m unication t e x t s ,  one s t i l l  f in d s  th e  
d o u b tfu l dichotom y betw een so u rce  and r e c e iv e r  v a r ia b le s  and a g e n e ra l 
la c k  o f  c o n c e p tu a l r e l a t i o n s  o f  v a r ia b le s  as th ey  i n t e r a c t  o v e r tim e .
The m ajo r t h r u s t  o f  t h i s  r e s e a rc h  work re v o lv e s  around th e  
q u e s tio n  o f  how com m unication b e h a v io rs  o f  p a r t i c ip a n t s  in  s o c ia l  
i n t e r a c t io n  e f f e c t  and a r e  m u tu a lly  e f f e c te d  by th o se  o f  o th e r s .  The 
pu rpose  i s  tw o fo ld : (1 ) to  d evelop  a foirmal ax io m a tic  system  o f  la n ­
guage in t e r a c t io n  on w hich a more com plete t h e o r e t i c a l  system  may be 
b u i l t ,  and (2 ) to  e x t r a c t  a m a th em a tica l model from  th e  ax io m atic  
system  and s im u la te  language b eh av io r w ith in  d i f f e r e n t  com m unication 
s e t t i n g s .  The need fo r  a s t r u c t u r a l / f u n c t i o n a l  approach  to  language 
b e h a v io r  i s  p re s e n te d  in  C h ap te r I .  T h is r a t i o n a l e  in c lu d e s  a rev iew  
o f  r e le v a n t  t h e o r e t i c a l  b ases  and r e s e a r c h ,  and a s e t  o f  p r e - th e o r e t i c  
assum ptions on w hich a s t r u c t u r a l / f u n c t io n a l  th e o ry  may be b u i l t .  A
v i i i
fo rm al ax io m atic  system  o f  i n t e r a c t i v e  language b e h a v io r i s  p re se n te d  
in  C hap ter I I .  Based upon t h i s  sy stem , a m a th em a tic a l m odel, s te p s  in  
th e  s im u la t io n ,  and e x e c u tio n  o f  th e  s im u la t io n  a r e  p re s e n te d  in  
C h ap ter I I I .  C hap ter IV i s  d ev o ted  to  th e  r e s u l t s  o f  t h i s  s im u la tio n , 
and C hap ter V in c lu d e s  a d is c u s s io n  o f  th e s e  r e s u l t s  to g e th e r  w ith  
c o n c lu s io n s  and s p e c u la t io n s  ab o u t th e  f u tu r e  o f  re s e a rc h  in  th i s  type  
o f  system .
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A COMPUTER SIMULATION OF SHAPING AND "MEF"
RELATIONS IN A FUNCTIONAL APPROACH 
TO SYNTACTIC VERBAL BEHAVIOR
CHAPTER I
RATIONALE AND THEORETICAL APPROACHES
T hat language forms th e  b a s is  o f  com m unication exchange seems 
a p p a re n t. H ia t i t  i s  one o f  th e  m ost d i f f i c u l t  com m unication v a r i ­
a b le s  to  p u rsue  e m p ir ic a l ly  a ls o  seems e v id e n t.  As C herry (Î966 ) 
s t a t e s  ;
Language makes a h a rd  m is tre s s  and we a re  a l l  h e r  
s la v e s .  I t  i s  d i f f i c u l t  to  e x ag g e ra te  th e  in f lu e n c e  
w hich she e x e r ts  upon our l i v e s ,  y e t  she i s  a lo o f  and 
m y s te r io u s . Anyone who would c o n s o r t  w ith  h e r ,  to  
s tu d y  and u n d e rs tan d  h e r ,  le a v e s  h im se lf  open to  a 
s e v e re  d i s c i p l in e  and much d isap p o in tm en t (p . 7 7 ).
Perhaps b ecau se  o f  t h i s  d i f f i c u l t y ,  i t  has n o t been u n t i l  r e c e n t  tim es 
th a t  com m unication r e s e a rc h e r s  have pursued  w ith  any v ig o r  language 
encodings as  th e y  r e l a t e  to  th e  in t e r a c t iv e  n a tu re  o f  com m unication.
As bo th  Lashbrook (1974) and Cummings (1974b) have in d ic a te d ,  i t  may 
indeed  be such m essage v a r ia b le s  t h a t  le ad  to  th e  e v o lu tio n  o f  a d i s ­
t i n c t  f i e l d  o f  "Communication" based  upon in fo rm a tio n  exchange. One 
has b u t to  look  a t  most re s e a rc h  in  m essage f a c to r s  (See M cG uire 's 
1969 rev iew  fo r  exam ple) to  see  th a t  th e  em phasis has n o t been th e
in t e r a c t io n  o f  p erso n s th rough  language , b u t r a th e r  such v a r ia b le s  as
1
2f e a r  a p p e a ls ,  s t y l e ,  and o rd e r  e f f e c t s .  Though th e se  v a r ia b le s  may 
have t h e i r  im p o rtan ce , i t  would seem t h a t  th e y  have more o r  le s s  run 
t h e i r  c o u rs e ,  and t h e i r  c o n t r ib u t io n  to  our u n d e rs ta n d in g  o f  th e  i n t e r ­
a c t iv e  n a tu re  o f  com m unication seems to  rem ain  a t  b e s t  d o u b tfu l .
What th en  i s  th e  r o le  o f  language as  a message v a r ia b le  in  th e  
s tu d y  o f  human com m unication? I f ,  in d e ed , com m unication i s  to  be 
viewed a s  b o th  p ro cess  and in t e r a c t io n ,  th e n  i t  would seem th a t  the  
p re v io u s ly  m entioned tre a tm e n t o f  m essages as  indep en d en t v a r ia b le s  
and p r im a r i ly  sou rce  o r ie n te d  may need to  be re p la c e d  w ith  a t h e o r e t i ­
c a l  approach  w hich t r e a t s  p a r t i c ip a n t s  a s  b o th  so u rces  and r e c e iv e r s  
whose b e h a v io rs  a re  m u tu a lly  in te rd e p e n d e n t. S in ce  language p la y s  
such a c e n t r a l  r o le  in  t h i s  c o n c e p t, th e n  as  Cummings (1974c) f u r th e r  
in d ic a te s  in  h is  p le a  f o r  a more s o c ia l  in t e r a c t iv e  approach  to  com­
m u n ic a tio n , "we m ust be concerned  w ith  in te rd e p e n d e n t language 
b e h a v io rs  (p . 1 4 ) ."
S tr u c tu r e  and F unction
The q u e s t f o r  an  approach to  language b eh av io r w hich i s  
f i t t i n g  fo r  th e  in t e r a c t iv e  n a tu re  o f  com m unication le ad s  th e  r e ­
s e a rc h e r  to  a v a r i e ty  o f  t h e o r e t i c a l  fram ew orks. C h e r ry 's  r e fe re n c e  
to  th e  m y s te rio u s  and o f te n  e lu s iv e  n a tu re  o f  language becomes exceed ­
in g ly  c l e a r .  One seems to  be im m ediately  co n fro n te d  w ith  is s u e s  such 
as  com petence v e rsu s  perfo rm ance , m en ta lism  v e rsu s  b e h a v io rism , n a tu r a l  
v e rsu s  a r t i f i c i a l  language schem es, and u s u a l ly  th e  problem  o f 
"m eaning". Perhaps a  more u s e fu l  ty p o lo g y  o f  t h e o r e t i c a l  approaches i s  
o f fe re d  by C a tan ia  (1 9 7 3 ). He a rg u es  th a t  many o f  th é  c o n tro v e r s ie s
3m entioned  above r e s t  in  what seems to  be a la c k  o f  u n d e rs ta n d in g  o f 
s t r u c tu r e  and fu n c t io n .  U sing an analogy  w ith  b io lo g y , C a tan ia  f u r th e r  
a rg u es  th a t  s t r u c t u r e  may be compared to  a s c ie n c e  o f  anatom y o r mor­
phology and fu n c tio n  to  a s c ie n c e  o f  p h y s io lo g y . The q u e s tio n s  of 
s t r u c tu r e  th u s  become ones concerned  w ith  th e  com ponents o f  a s p e c i f i c  
c o n c e p t, q u e s tio n s  o f "w hat" , and p r im a r i ly  phenom enolog ical co n ce rn s .
Q u es tio n s  o f  fu n c tio n  a re  th e n  concerned w ith  problem s o f  "why" o r
*
"how", and p r im a r i ly  te l e o lo g ic a l  i s s u e s .
A c e n t r a l  p o in t  in  C a ta n ia 's  argum ent i s  t h a t  b o th  o f  th e se  
approaches a re  n e c e ssa ry  to  a "com plete" s c ie n c e  o f  human b e h a v io r . 
L ik ew ise , i t  can  be argued  th a t  an  u n d e rs ta n d in g  o f  com m unication as 
b o th  p ro cess  and i n t e r a c t io n  may n e c e s s i t a t e  n o t o n ly  a s p e c i f i c a t io n  
o f  th e  components o f  th e  phenomena b u t a l s o  th e  fu n c t io n a l  r e l a t i o n s  
o f th e se  components o v er tim e .
A nother c e n t r a l  argum ent o f  C a ta n ia 's  d is c o u rs e  i s  t h a t  m ost 
r e s e a rc h e r s  in  s o c ia l  s c ie n c e  have tended  to  co n fu se  s t r u c tu r a l i s m  
w ith  m entalism , o r  c o g n i t iv e  co ncerns and fu n c tio n a lis m  w ith  b e h a v io r­
ism . As C a ta n ia  in d i c a te s ;
a m ajor argum ent o f  / _ th e  a u t h o r ' s /  acco u n t i s  th a t  
p sy c h o lo g ic a l c o n tro v e rsy  has  o f te n  o r ig in a te d  because  
th e  dichotom y betw een s t r u c tu r e  and fu n c tio n  h as  been  
co n fu sed  w ith  t h a t  betw een m en ta lism  and b eh av io rism  
(p . 4 3 5 ).
In d eed , th e o r i s t s  w ith  s t r u c t u r a l  concerns in c lu d e  bo th  m e n ta l i s ts
The re a d e r  shou ld  c o n s u lt  Rudner (1966) f o r  a d is c u s s io n  o f 
fu n c tio n a lis m , t e l e o lo g i c a l  i s s u e s ,  and th e  in e x t r i c a b le  r e l a t i o n  b e ­
tween tim e and a p r e c is e  f u n c t io n a l  ap p ro ach . Problem s a s s o c ia te d  
w ith  some approaches w hich have taken  a fu n c t io n a l  o r i e n t a t i o n  a re  d i s ­
cu ssed  in  th e  s e c t io n  on th e o r e t i c a l  b a s e s .
4such  as Chomsky (1957, 1965) who d e a l  w ith  s y n ta c t ic  s t r u c tu r e s  o f the 
m ind, and b e h a v io ra l  le a rn in g  th e o r i s t s  such as  S ta a ts  (1968) who a re  
concerned  w ith  b e h a v io ra l  s t r u c t u r e s  th rough  c l a s s i c a l  o r o th e r  c o n d i­
t io n in g  and a s s o c ia t io n s  o f  s t im u l i  w ith  re s p o n s e s .
The com m onality w hich b o th  o f  th e se  o th e rw ise  d i s p a r a te  
approaches have i s  t h a t  th e y  d e a l  w ith  s t r u c tu r e s  o f  language p r i ­
m a rily  in  an  in d iv id u a l  w ith  l i t t l e  em phasis on th e  in t e r a c t io n  o f  th e se  
s t r u c tu r e s  w ith  o th e r  s t r u c t u r e s  o v e r tim e . In d eed , i t  can  be argued  
th a t  few , i f  an y , o f  th e  th e o r i e s  o f  language b e h a v io r  c u r r e n t ly  
a v a i la b le  d e a l s u f f i c i e n t l y  w ith  th e  i n t e r a c t io n  o f  b e h a v io ra l  o r 
m en ta l s t r u c tu r e s  in  s u f f i c i e n t l y  p r e c is e  s e n se  (See a g a in  R udner,
1966).
Both m e n ta l i s t s  o r  c o g n i t iv e  t h e o r i s t s  and b e h a v io r is t s  may 
be so concerned  w ith  th e  d i f f e r e n c e s  betw een t h e i r  b a s ic  assum ptions 
a b o u t th e  n a tu re  o f  man t h a t  th e y  f a i l  to  r e a l i z e  t h a t  th e  p ro p e r  
domains o f  t h e i r  r e s e a rc h  may l i e  in  d e a l in g  w ith  th o se  q u e s t io n s ,  
w hether s t r u c t u r a l  o r  f u n c t io n a l ,  a p p ro p r ia te  to  b o th . C o g n itiv e  and 
m e n ta l i s t i c  t h e o r i s t s  seem to  have  been somewhat more s u c c e s s fu l  w ith  
e x p la n a tio n  o f  phenomena th a n  b e h a v io r i s t s .  To th e  e x te n t  s t r u c tu r e s  
o f th e  mind a re  im p o r ta n t ,  th e  co n ce p ts  o f  language a c q u i s i t i o n  
d e v ic e s ,  co rpus o f  sp eech , m eaning , and t r a n s fo rm a tio n a l  r u l e s ,  seem 
to  o f f e r  a t  l e a s t  p la u s ib le  e x p la n a tio n s  o f  lan g u ag e . However, th e  
la c k  o f  e m p ir ic a l  v a l id a t io n  o f  such  m e n ta l i s t i c  s t r u c tu r e s  le av es  
th e se  approaches w ith  l i t t l e  p r e d ic t iv e  powers and perhaps le s s  to  
say  ab o u t th e  fu n c t io n a l  r e l a t i o n s  o f  language s t r u c t u r e s  in  communi­
c a t io n  in t e r a c t io n  (See Cummings, 1974b; Cummings and Renshaw, 1975).
5In  a s im i la r  m anner, le a rn in g  th e o r i s t s  have been somewhat more su c ­
c e s s f u l  in  p r e d ic t io n  o f  b e h a v io r  th a n  c o g n i t iv e  t h e o r i s t s ,  y e t  th ey  
too can be c r i t i c i z e d  f o r  a la c k  o f  a b i l i t y  to  a d e q u a te ly  d e a l w ith  in ­
t e r a c t io n s  o f b e h a v io r . As Cummings (1974c) in d i c a te s ;
A le a rn in g  th e o ry  approach  to  language b e h a v io r 
(and perhaps any b e h a v io r)  r e q u ir e s  a model w hich 
w i l l  bo th  e x p la in  a c q u i s i t i o n  o f  language and th e  
" r e le a r n in g "  o f  language in  human s o c ia l  s e t t i n g s .
Any le a rn in g  th e o ry  w hich a n a ly z e s  e i t h e r  CS-UCS 
a s s o c ia t io n ,  re sp o n se  s e le c t io n  ( f r e e  o p e ra n t con­
d i t i o n in g ) ,  o r s tim u lu s  s e l e c t i o n  (d is c r im in a t io n  
le a rn in g )  i s  in a d eq u a te  (p . 1 2 ).
Thus le a rn in g  th e o r ie s  w hich r e l y  p r im a r i ly  on a p a s s iv e  o rgan ism  and 
i t s  a c q u i s i t i o n  o f  c e r t a in  b e h a v io rs  th rough  c o n d it io n in g  may n o t p ro ­
v id e  an ad eq u a te  b a s is  fo r  an  i n t e r a c t i o n  o f  language b e h a v io rs  in  
com m unication. In d eed , S k in n e r 's  (1953) co n cep t o f th e  "lump o f  c la y "  
b e ing  p a s s iv e ly  shaped and molded may need to  be r e p la c e d  by  a co n cep t 
w hich e n t a i l s  b o th  sh ap in g  and th e  m u tual e f f e c t in g  o f  th e  l i n g u i s t i c  
s t r u c tu r e s  o f humans as  th e y  i n t e r a c t  s o c i a l l y .
I t  can  be seen  from th e  b r i e f  a n a ly s i s  above t h a t  b o th  b e ­
h a v i o r i s t s  and m e n ta l i s t s  have f a l l e n  s h o r t  o f  c o n t r ib u t in g  to  an 
u n d e rs ta n d in g  o f  human in t e r a c t io n  over tim e w ith in  s o c i a l  s e t t i n g s .  
Both to  one d eg ree  o r  a n o th e r  seem to  have been  p reo ccu p ied  w ith  th e  
s t r u c tu r e s  o f  man, w hether c o g n i t iv e  o r  b e h a v io ra l .  Though th e  im­
p o rta n c e  o f  th e se  sh o u ld  n o t be m in im ized , ex p an sio n  o f  th e s e  
p h i lo s o p h ic a l  b a se s  may be n e c e s s a ry  to  answ er fundam ental q u e s tio n s  
concerned  w ith  th e  i n t e r a c t i v e  n a tu re  o f  com m unication. As C a tan ia  
a rgues  ;
S tr u c tu r a l  a n a ly se s  o f  grammar and speech  . . . 
can n o t t e l l  us when a p e rso n  w i l l  d ec id e  to  sp eak , 
o r  w hat he w i l l  t a l k  a b o u t. I t  i s  p r e c i s e ly  th e se  
l a t t e r  q u e s tio n s  th a t  a re  th e  concern  o f  a fu n c t io n a l  
a n a ly s is  o f  language (p . 4 3 6 ).
I t  i s  c e r t a in l y  n o t  th e  c o n te n tio n  o f  th i s  re s e a rc h  th a t  
s t r u c t u r a l  approaches to  language be e l im in a te d . As Mahood (1974) has 
r e c e n t ly  a rg u e d , perhaps th e  q u e s tio n  o f  "w hat" i s  more im p o rtan t a t  
th i s  s ta g e  o f  o u r knowledge o f  com m unication th a n  q u e s tio n s  o f  "how".
To be s u re ,  s t r u c t u r a l  t h e o r i s t s  in  language a re  concerned  w ith  "w hat" . 
I t  would seem, how ever, t h a t  th e  r e s e a rc h e r  in t e r e s te d  in  communica­
t i o n  as  s o c ia l  in t e r a c t io n  m ust be concerned  w ith  b o th  "w hat" and 
"how", co n cep t and r e l a t i o n ,  s t r u c t u r e  and fu n c tio n .
The v a lu e  o f  s t r u c t u r e s ,  th u s ,  seems to  l i e  in  t h e i r  a b i l i t y  
to  p r e d ic t  to  human in t e r a c t io n  in  s o c ia l  s e t t i n g s .  A s t r u c tu r e  need 
n o t n e c e s s a r i ly  be o b se rv a b le  to  f i t  t h i s  c r i t e r i o n .  As Robinson 
(1972) a rg u es  in  an an a lo g y  w ith  th e  e l e c t r o n ;
Q uestio n s  l i k e  "What a re  e le c t r o n s  fo r? "  would p robab ly  
be ru le d  as in a p p ro p r ia te  in  th e  d is c o u rs e  o f  e l e c t r o n i c s .
Even i f  we w ere to  a llow  e le c t r o n s  an e x i s t e n t i a l  r a th e r  
th a n  a c o n ce p tu a l s t a t u s ,  we would n o t c o n s id e r  answ ers 
l i k e  "To c a r r y  n e g a tiv e  e l e c t r i c  c h a rg e s"  as  good p h y s ic s .
. . . th ey  a r e  n o t f o r  a n y th in g , they  j u s t  a re  -  o r  we 
m ight p r e f e r  to  say  th a t  th e  co n cep t o f  " e le c t ro n "  i s  
u s e f u l  (p . 3 8 , i t a l i c s  m in e ).
Thus, one does n o t r e j e c t  th e  co n cep t o f  e le c t r o n  sim ply  because  i t  
has n o t been o b se rv ed . I t s  u s e fu ln e s s  l i e s  in  th e  e x p la n a to ry  and p re ­
d i c t i v e  powers i t  h as  in  th e  f i e l d s  o f  p h y s ic s  and c h e m is try .
L ik ew ise , one canno t t o t a l l y  r e j e c t  h y p o th e t ic a l  s t r u c tu r e s  because 
th e y  a re  n o t  e a s i l y  o b se rv ed . However, and perhaps most im p o rta n t, 
t h e i r  u s e fu ln e s s  l i e s  in  t h e i r  power b o th  to  e x p la in  and a id
7p r e d ic t io n  o f  language b e h a v io r .
I t  i s  the m ajor c o n te n tio n  t h i s  a n a ly s is  t h a t  an  approach 
to  com m unication which t r e a t s  t h a t  phenomena as  s o c ia l  i n t e r a c t io n  and 
p ro cess  must be concerned  w ith  th e  fu n c tio n s  o f  s t r u c tu r e s  e s p e c ia l ly  
as they  i n t e r a c t  over tim e . Toward t h i s  end , many o f  th e  co n cep ts  ad­
vanced bo th  by c o g n i t iv e  t h e o r i s t s  and b e h a v io r is ts  may prove u s e f u l .
T h e o re tic a l  Bases ; Toward 
S t r u c tu r e  and F u n c tio n  
There a re  s e v e r a l  t h e o r e t i c a l  b a se s  w hich have c o n tr ib u te d  to  
th e  developm ent o f  th e  s t r u c t u r a l / f u n c t i o n a l  system  p re se n te d  in  
C hap ter I I .  These in c lu d e  some o f  th e  b a s ic  concerns o f  s o c io l in g u is ­
t i c s ,  co n cep ts  o f  b e h a v io ra l  r e in fo rc e m e n t ,  c o n te n t a n a ly s i s ,  and 
p ro c e s s in g  n o tio n s  o f  in fo rm a tio n  th e o ry , p a r t i c u l a r l y  p r o b a b i l i ty  and 
s to c h a s t ic  m odels. ,
As may have been d is c e rn e d  in  th e  p rev io u s  s e c t io n ,  bo th
s o c io lo g is t s  and p s y c h o lin g u is ts  have to  one degree  o r  a n o th e r  been
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concerned  w ith  s t r u c t u r e s .  However, w h ile  th e  m ajor concern  o f 
Chomsky (1968) i s  th e  a n a ly s i s  o f s t r u c tu r e s  as an end to  in n a te n e s s  
o f m en ta l s t r u c t u r e s ,  th e  m ajor conce rn  o f  s o c io lo g is ts  such as 
B e rn s te in  (1972) i s  th e  "communal" o r  m a n ife s t s o c ia l  s t r u c tu r e  o f  
language . The g e n e ra l d i f f e r e n c e  betw een th e se  two approaches in  
term s o f  o p e ra t io n a l  and m e th o d o lo g ica l co ncerns i s  summed by Cummings
icSee Cummings and Renshaw (1975) f o r  f u r th e r  d is c u s s io n  and 
c o n t r a s t  o f  th e se  ap p ro ac h es.
and Renshaw:
The p sy c h o lo g ic a l o r i e n t a t i o n  has ad o p ted  th e  d i s t i n c t i o n  
between s u r fa c e  and deep s t r u c t u r e ,  and th e  a t te n d a n t  
d e s i r e  fo r  two o p e ra t io n a l  schema o f  s y n ta c t i c s .  The 
s o c io lo g ic a l  o r i e n t a t i o n ,  how ever, has g e n e r a l ly ,  b u t
n o t  e x c lu s iv e ly ,  adop ted  a  concern  fo r  s y n ta c t ic s  o f
v e rb a l  b eh av io r as  i t  Is  u se d . I . e . ,  fu n c tio n a lism  
(Gr 1mshaw, 1973). Both a m a n ife s t  and l a t e n t  s y n ta c t ic  
a n a l y s i s .  In c lu d in g  a  com plete  s e t  o f  r u l e s .  I s  r e q u ire d  
f o r  th e  p s y c h o lo g ic a l o r i e n t a t i o n ,  w hereas th e  s o c io ­
lo g ic a l  o r i e n t a t i o n  ten d s  to  be more concerned  w ith  m ani­
f e s t  s t r u c tu r e  (p . 4 ) .
T hus, th e  s o c io lo g ic a l  o r i e n t a t i o n  would seem to  b e s t  len d  I t s e l f  to  a 
fu n c t io n a l  a n a ly s is  o f  language I n te r a c t io n  over tim e . The problem  
w ith  much o f  th e  r e s e a rc h  conducted  by s c h o la r s  In  t h i s  a re a  I s  n o t
t h a t  s o c ia l  s t r u c tu r e s  o f  language a re  av o id e d , b u t t h a t  th e re  ap p ea rs
to  be a la c k  o f  a s u f f i c i e n t l y  p r e c i s e  typo logy  o f  language  b e h a v io rs , 
a s  w e ll  as  a g e n e ra l  la c k  o f  a  fu n c t io n a l  th e o ry  r e l a t i n g  s o c lo l ln -  
g u l s t l c  s t r u c tu r e s  over tim e . An approach  to  language b e h a v io r  In  
com m unication s e t t i n g s  o f  two o r  more p e rso n s  would seem to  r e q u ir e  n o t 
o n ly  a s p e c i f i c a t io n  o f  th e  s o c ia l  s t r u c t u r e s  o f  lan g u ag e , b u t th e  
I n te r a c t io n  o f  th e se  s t r u c tu r e s  as  th e  com m unication I n te r a c t io n  p ro ­
g re s s e s .
The s o c lo l ln g u l s t l c  approach  e x p la in e d  above e n t a i l s  th e  
co n cep t o f  m utual re in fo rc e m e n t and dependen t language b e h a v io rs  o f  
In d iv id u a ls  p a r t i c ip a t in g  In  com m unication I n t e r a c t i o n .  This I s  n o t 
u n lik e  a p o s i t io n  w hich S k in n er (1957) ta k e s  In  h i s  a n a ly s is  o f  sp eak er 
and l i s t e n e r .
We need s e p a ra te  b u t  I n te r lo c k in g  acc o u n ts  o f  th e  b e h a v io r  
o f  th e  sp eak e r and l i s t e n e r  I f  o u r e x p la n a tio n  o f  v e rb a l  
b e h a v io r  I s  to  be co m p le te . In  e x p la in in g  th e  b eh av io r 
o f  th e  sp eak er we assume a  l i s t e n e r  who w i l l  r e in f o r c e  
h i s  b eh av io r  In  c e r t a in  w ays. In  a c c o u n tin g  f o r  th e
b eh av io r  o f  th e  l i s t e n e r  we assume a sp eak er whose 
b eh av io r b e a rs  a c e r t a i n  r e l a t i o n  to  en v iro n m en ta l 
c o n d itio n s  (p . 3 4 ).
To be s u r e ,  one can n o t deny th e  e x is te n c e  o f  sh ap in g  and re in fo rc e m e n t 
in  any com m unication s i t u a t i o n .  The p a r t i c ip a n t s  e f f e c t  and a re  
e f f e c te d  by th e  b e h a v io rs  o f  o th e r s .  For a s t r u c t u r a l / f u n c t i o n a l  
approach  to  com m unication as i n t e r a c t i o n ,  i t  would seem to  be n e c e ssa ry  
to  c o n s id e r  bo th  th e  s t r u c tu r e s  o f  language and th e  e f f e c t s ,  m utual o r  
o th e rw is e ,  o f  shap ing  and re in fo rc e m e n t. In  such  an  a p p ro ac h , none o f  
th e  p a r t i c ip a n t s  would be c o n s id e re d  a p a s s iv e  r e c e p to r  o f  r e in f o r c e ­
m en ts , b u t an  a c t iv e  p ro c e s so r  and " e f f e c to r "  o f  th e  b e h a v io rs  o f  
o t h e r s .
The q u e s t f o r  a th e o r e t ic  ty p o lo g y  s u i t a b l e  f o r  r e s e a rc h  in  
m a n ife s t  language s t r u c t u r e s ,  and th u s  th e  fu n c tio n s  o f  language
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b e h a v io r , has le d  to  a s e r i e s  o f  m easurem ent th e o r ie s  commonly sub ­
sumed in  th e  b ro a d e r c l a s s  o f  c o n te n t a n a ly s i s  (P o o l, 1959; S to n e , 
Dunphy ejt a l . ,  1966; H o l s t i ,  1969). M ost c o n te n t a n a ly s i s  r e s e a rc h  
h as  concerned  th e  encod ings o f  in d iv id u a ls  as  th e y  r e l a t e  to  i n t e r n a l  
c o n s t ru c ts  r a th e r  th an  encod ings a s  th e y  r e l a t e  t o  o th e r  e n co d in g s .
As Robinson (1972) in d i c a te s ;
C onten t a n a ly s i s  i s  n o rm a lly  e x p lo i te d  to  f in d  o u t w hat 
th e  e m it te r  i s  th in k in g  o r  f e e l in g  r a t h e r  th a n  w hat 
fu n c tio n s  th e  v e rb a l  b e h a v io r  i s  p e rfo rm in g , and th e  
c l a s s i f i c a t o r y  system s u t i l i z e d  a re  u s u a l ly  in te n d e d  
to  e l i c i t  in fo rm a tio n  ab o u t th e  ty p es  and s t r e n g th s  o f  
m o tiv e s , v a lu e s ,  o r a t t i t u d e s  r a t h e r  th an  a s p e c i f i c a ­
t i o n  o f o th e r  in fo rm a tio n  t h a t  m ight be  t r a n s m it te d  
(pp . 42 , 4 3 ) .
The a p p l ic a t io n  o f  c o n te n t  a n a ly s i s  to  a s t r u c t u r a l / f u n c t i o n a l  a n a ly s i s
*
"Theory" h e re  r e f e r s  to  a p r e c i s e  d e s c r ip t iv e  ty p o lo g y .
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o f  language b e h a v io r  in  com m unication s e t t i n g s  would seem to  n e c e s s i ­
t a t e  a system  w hich a t  once s p e c i f i e s  m a n ife s t  s t r u c tu r e s  o f  l i n g u i s t i c
sy n ta x  and a t  the  same tim e p ro v id e s  th e  b a s is  f o r  a f u n c t io n a l  a n a ly ­
s i s  o f  s t r u c tu r e s  in  r e l a t i o n  to  th e  encodings o f  a l l  p a r t i c i p a n t s .
Such a typo logy  has been  developed  by Cummings (1970a, 1970b). 
R a th e r th an  d e a l in g  w ith  s y n ta c t ic  s t r u c tu r e s  in  l a t e n t  form , Cummings' 
system  u t i l i z e s  th e  m a n ife s t  sy n ta x  observed  in  th e  encod ings o f  an  
in d iv id u a l  in v o lv ed  in  a conm unica tion  s i t u a t i o n .  The m ajo r e lem en ts  
o f  the  system  in c lu d e :  (1) s u b je c t  s ig n s ,  (2 ) m o d if ie r  s ig n s ,  and
(3) co n n e c to r  s ig n s  (See A ppendix A ). S u b je c t s ig n s  b a s i c a l l y  in c lu d e
a l l  s u b je c ts  and o b je c ts  o f  v e rb s .  M o d if ie rs  in c lu d e  a l l  s ig n s  w hich 
m odify s u b je c t  s ig n s  and s ig n s  w hich m odify c o n n e c to rs . C onnecto rs  in ­
c lu d e  a l l  v e rb s .  Of p a r t i c u l a r  i n t e r e s t  a re  th e  s u b c l a s s i f i c a t i o n s  o f  
c o n n e c to rs . B esides  th e  common c l a s s i f i c a t i o n  o f  v e rb s  a c c o rd in g  to  
te n se  and mood, Cummings f u r th e r  makes d i s t i n c t i o n s  a c c o rd in g  to  the  
fu n c tio n  o f  a verb  as i t  com pares two s u b je c t  words (more th a n ,  sub ­
s e t ,  s p a t i a l ) ,  o r  as  i t  in d ic a te s  a c t io n .  The u s e fu ln e s s  o f  th i s  
c l a s s i f i c a t i o n  has  been  d em o n stra ted  by Cummings in  h i s  r e s e a r c h  to  
r e f l e c t  such c o g n i t iv e  s t r u c t u r e s  as dogm atism , a n x ie ty ,  a t t i t u d e s ,  
and in t e l l i g e n c e .  I t s  f u r th e r  u s e fu ln e s s  may l i e  in  i t s  em phasis on 
m a n ife s t  s t r u c t u r e  and th e  ty p o lo g y  o f  language c a te g o r ie s  i t  p ro v id es  
f o r  a s t r u c t u r a l / f u n c t i o n a l  a n a ly s i s  o f  in te rd e p e n d e n t language i n t e r ­
a c t io n s  .
There i s  one o th e r  t h e o r e t i c a l  approach  w hich form s th e  b a s is  
f o r  the s t r u c t u r a l / f u n c t i o n a l  system  p re se n te d  in  C hap ter I I .  This 
approach  in c lu d e s  th e  c o n c e p ts  o f  p r o b a b i l i t y  and s to c h a s t ic  p ro c e sse s
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as they  r e l a t e  to  in fo rm a tio n  th e o ry .
I t  can  be s a id  th a t  one o f  th e  most im p o rtan t c o n tr ib u t io n s  
o f  Shannon (1948) in  h is  p r e s e n ta t io n  of in fo rm a tio n  th e o ry  was the  con­
c e p t o f  chance in  human in t e r a c t io n  (M andelbro t, 1965). Coupled w ith  
th e  work o f  Shannon was th e  developm ent o f  th e  "law  o f  l e a s t  e f f o r t "  
by Z ip f  (1 949 ). What th e s e  two approaches seemed to  have in  common 
was th e  im portance o f  p r o b a b i l i ty  in  th e  scope o f  human encoding and 
d ecod ing . The p r in c ip le  o f  l e a s t  e f f o r t  as a p p lie d  to  encoding was 
b a s ic a l ly  an  argum ent t h a t  th e re  e x i s t s  an in v e rs e  r a t i o  betw een word 
le n g th  and frequency  o f  enco d in g ; words o f  s h o r te r  le n g th  had a h ig h e r  
p r o b a b i l i ty  o f  b e in g  encoded in  any m essage than  w ords o f  g r e a te r  le n g th . 
As M andelbro t in d i c a te s ,  Z ip f 's  law to g e th e r  w ith  Shannon 's p r in c ip le s  
o f  " q u a n ti ty  o f  in fo rm a tio n "  p o in t  d i r e c t l y  to  th e  co n cep t th a t  man 
may u t i l i z e  p r o b a b i l i ty  in  th e  words he encodes.
This co n cep t has been f u r th e r  expanded by t h e o r i s t s  concerned  
w ith  p e rc e p tio n , d e c is io n  th e o ry , and o rg a n iz a tio n  o f  in fo rm a tio n . 
B roadben t (1971, 1973) in  h is  in fo rm a tio n  p ro c e ss in g  model o f p e rce p ­
t i o n  has advanced the  p o s i t io n  th a t  man o p e ra te s  on h is  w orld th rough 
a s e r ie s  o f  p r o b a b i l i t i e s .  Fo llow ing  each d e c is io n  based  upon th e se  
p r o b a b i l i t i e s ,  a r e - e v a lu a t io n  o ccu rs  such th a t  new p r o b a b i l i t i e s  fo r  
s im i la r  s i t u a t io n s  in  th e  f u tu r e  a re  d e r iv e d . B roadbent has em phasized 
th e  use o f  B aysian  s t a t i s t i c s  to  d e a l  w ith  th e  changing  p r o b a b i l i t i e s .  
The im portance o f  w hat B roadbent i s  say in g  seems to  be in  h is  argum ent 
t h a t  man a c t iv e ly  p ro cesse s  th e  in fo rm a tio n  in  h i s  env ironm ent. The 
re sp o n ses  he makes to  t h i s  environm ent a re  based  upon p r o b a b i l i ty  
n o t io n s .  S p e c i f i c a l ly  in  th e  f i e l d  o f  l i n g u i s t i c s ,  Harden (1962,
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1966) has advanced th e  n o tio n  th a t  l i n g u i s t i c  encoding  may be viewed as 
a p r o b a b i l i ty  and s t a t i s t i c a l  system . A p e r s o n 's  s to r e  o f language 
b e h a v io rs  may be viewed as a p o p u la tio n  from w hich he sam ples in  any 
l i n g u i s t i c  u t t e r a n c e .  H ere a g a in , i t  would seem th a t  p r o b a b i l i ty  may 
p la y  an  im p o rtan t r o le  in  th e  ch o ice  a p erso n  makes f o r  any l i n g u i s t i c  
u t t e r a n c e .
In  th e  f i e l d  o f  Speech Com m unication, Hawes and Foley (1973) 
have developed  a model o f  dyad ic  i n t e r a c t io n  based  upon Markov p ro ­
c e s s e s .  E s s e n t i a l l y ,  a Markov p ro cess  i s  a s to c h a s t ic  p ro cess  in  which 
th e  p r o b a b i l i ty  o f  any even t i s  dependen t upon th e  p rev io u s  e v e n t.
S ince  s to c h a s t ic  p ro c e sse s  a re  r e l a t e d  to  any phenomena to  w hich p ro ­
b a b i l i t y  may a p p ly , Markov a n a ly s is  o f  com m unication b e h a v io r may 
indeed  be d i r e c t l y  r e l a t e d  to  a f u n c t i o n a l / s t r u c tu r a l  approach  to  
language b e h a v io r .
The com m onality o f  a l l  th e  t h e o r e t i c a l  approaches subsumed in  
th e  in fo rm a tio n  th e o ry - p r o b a b i l i ty  model i s  t h a t  th ey  assume an a c t iv e  
in fo rm a tio n  p ro c e s s in g  in d iv id u a l  who makes d e c is io n s  on th e  communi­
c a t io n  he  e m its . These co n cep ts  would seem to  form th e  b a s is  f o r  w hat 
Goss (1975) r e f e r s  to  as in t r a p e r s o n a l  and in te r p e r s o n a l  com m unication 
s t r u c t u r e s ,  th e  l a t t e r  com parable to  a m a n ife s t  s t r u c t u r e .  Though 
th e  p rim ary  em phasis o f  t h i s  d i s s e r t a t i o n  i s  on in te r p e r s o n a l  s t r u c ­
tu r e s  and th e  fu n c tio n s  o f language in  human s o c ia l  s e t t i n g s ,  th e  
con cep t o f  th e  human organ ism  as  an  a c t iv e  p ro c e sso r  o f in fo rm a tio n  
p la y s  a c e n t r a l  r o l e  in  t h i s  m odel.
Thus, th e  th e o r e t i c  b ases  e lu c id a te d  in  t h i s  s e c t io n  p o in t  
to  a s t r u c t u r a l / f u n c t i o n a l  approach  which in c lu d e s  a p rim ary  em phasis 
on th e  m a n ife s t s t r u c tu r e s  o f  language and th e  in t e r a c t io n  o f  th e se
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s t r u c tu r e s  in  com m unication. Such an approach  would assume a c t iv e  
p ro c e sso rs  o f  in fo rm a tio n  who may bo th  shape and m u tu a lly  e f f e c t  th e  
m a n ife s t s t r u c tu r e s  o f  one a n o th e r  as  th e y  in t e r a c t .
R e lev an t R esearch
There a re  some s p e c i f i c  a re a s  o f  r e s e a rc h  w i th in  th e  th e o r e t ­
i c a l  bases p re se n te d  above w hich d e se rv e  n o te  h e re  as th e y  r e l a t e  to  
s t r u c t u r a l / f u n c t io n a l  c o n c e rn s . Robinson (1972) in d ic a te s  t h a t  most 
fu n c tio n a l  approaches in  b o th  psychology  and l i n g u i s t i c s  have empha­
s iz e d  c o n te n t c l a s s i f i c a t i o n s  o f  speech  b e h a v io r . He c i t e s  as  
examples B a le s ' (1950, 1970) I n te r a c t io n  P ro cess  A n a ly s is  and 
H a l l id a y 's  (1969) f u n c t io n a l  m odels o f  lan g u ag e . Robinson in d ic a te s  
th a t  though th e se  approaches may be concerned  w ith  th e  " u se s"  o f  la n ­
guage, th ey  ten d  to  be e i t h e r  narrow  in  sc o p e , o r  th e y  use d e f in i t i o n s  
w hich " a re  f a r  from p re c is e  and th ey  a re  g iv en  no s t r u c t u r a l  r e a l i z a ­
t io n s  nor p o s s ib le  d i f f e r e n t i a t i n g  concom itan ts  on th e  b e h a v io ra l s id e  
(p . 4 6 ) ."  Thus r e s e a rc h  u t i l i z i n g  th e se  c l a s s i f i c a t i o n  schemas has 
no t r e a l l y  d e a l t  a d e q u a te ly  w ith  e i t h e r  s p e c i f i c a t i o n  o f  m a n ife s t  
s t r u c tu r e s  o r th e  f u n c t io n a l  r e l a t i o n s  o f  th e se  s t r u c t u r e s .  Indeed , 
t h e i r  c o n t r ib u t io n  to  an  u n d e rs ta n d in g  o f  com m unication, s p e c i f i c a l l y  
l i n g u i s t i c  a s p e c ts  o f com m unication as p ro c e s s ,  seems to  be d o u b tfu l .
Some in t e r e s t i n g  re s e a rc h  i s  p ro v id ed  by Newcomb (1953, 1956, 
1958) r e l a t i n g  to  th e  i n t e r a c t io n  o f in d iv id u a ls  over tim e . Though 
d e a lin g  p r im a r ily  w ith  in te r p e r s o n a l  a t t r a c t i o n  and s i m i l a r i t y  o f  
a t t i t u d e s ,  Newcomb n e v e r th e le s s  has a concern  fo r  in t e r a c t io n  as  
p ro c e s s . He o f f e r s  ev id en ce  th a t  a s  in d iv id u a ls  i n t e r a c t  o v er tim e .
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th e y  ten d  to  a c q u ire  s im i l a r  a t t i t u d e s .  The v a lu e  o f  Newcomb's r e ­
se a rc h  in  a s t r u c t u r a l / f u n c t i o n a l  approach  to  language in t e r a c t io n  does 
n o t l i e  in  h i s  u se  o f  th e  c o n s tr u c t  o f  a t t i t u d e ,  b u t r a t h e r  in  h i s  em­
p h a s is  on th e  m utual e f f e c t  on th e  p a r t i c ip a n t s  in  d y ad ic  in t e r a c t io n .  
This co n cep t indeed  p lay s  an im p o rtan t r o le  in  th e  system  p re s e n te d  in  
C hapter I I .
Some ev id en ce  on th e  s i m i l a r i t y  o f  language b e h a v io r  w ith in  
a dyad ic  s i t u a t i o n  i s  o f f e r e d  by Ruesch and B ateson  (1 9 5 1 ), Runkel 
(1 956 ), and T r la n d is  (1 9 6 0 ). A lthough  m ain ly  concerned  w ith  c o g n i t iv e  
s i m i l a r i t y ,  th e se  r e s e a r c h e r s  n o ted  t h a t  p a t i e n t s  in  th e ra p y  s i tu a t io n s  
tended to  a c q u ire  th e  ja rg o n  o f  th e  p s y c h i a t r i s t s  as  th e y  in te r a c te d  
over tim e . H e re , a t  l e a s t ,  i s  some ev id en ce  t h a t  th e  c h o ic e  o f  l i n ­
g u i s t i c  u t te r a n c e s  o f  in d iv id u a ls  w i th in  d y ad ic  com m unication is  
a f f e c te d  by in t e r a c t io n ,  and in  t h i s  s i t u a t i o n ,  a s i m i l a r i t y  p r im a r i ly  
th ro u g h  th e  dominance o f  one p e rso n  seems to  em erge.
The m e r i t  o f  th e  r e s e a rc h  r e p o r te d  above seems to  l i e  in  th e  
o r i e n t a t i o n  w ith  which each  s i t u a t i o n  i s  ap p ro ach ed . In s te a d  o f con­
c e rn  w ith  one a c t  o f  th e  p a r t i c i p a n t s , th e  r e s e a r c h e r s  ap p ea r to  be 
d e a l in g  w ith  th e  e f f e c t s  o f  i n t e r a c t io n  on each member o v er tim e . The 
m ajor id e as  w hich seem to  s u r f a c e  in  th e se  p e r s p e c t iv e s  a r e :  (1) th a t
p e rso n s  may e f f e c t  one a n o th e r  in  i n t e r a c t io n  and become s im i la r  o v er 
tim e , (2 ) one p a r t i c ip a n t  may be more dom inant in  in f lu e n c in g  th e  v e rb a l  
b e h a v io r  o f  th e  o th e r  as s i m i l a r i t y  i s  r e a l i z e d ,  and (3 ) th e  g e n e ra l  
co n cep t t h a t  p e rso n s  can n o t com municate w ith o u t e f f e c t in g  one a n o th e r .
Such p e r s p e c t iv e s  would seem to  form th e  h e a r t  o f  a s t r u c ­
tu r a l / f u n c t io n a l  approach  to  com m unication . Though none o f  th e
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r e s e a rc h e r s  m entioned  above s p e c ify  th e  r e l a t i o n s  betw een e i t h e r  
p erso n s o r  t h e i r  language b e h a v io r  and i n t e r a c t io n  over tim e , t h e i r  
o r ie n t a t i o n  may p ro v id e  th e  groundwork f o r  an  approach  w hich seek s to  
n o t on ly  s p e c ify  s t r u c t u r e s  o f  lan g u ag e , b u t a l s o  th e  fu n c t io n a l  r e ­
la t io n s  o f  v a r ia b le s  as th e y  i n t e r a c t  o v e r tim e .
O ther r e s e a rc h  o f  p a r t i c u l a r  i n t e r e s t  f o r  a s t r u c t u r a l / f u n c ­
t i o n a l  approach  to  com m unication i s  p re se n te d  by Hawes (1 972). Hawes' 
b a s ic  concern  was th e  e f f e c t  o f  d i f f e r i n g  in te rv ie w  s ty l e s  on c l i e n t s  
in v o lv ed  in  th e ra p y  s e s s io n s .  Hawes found th a t  c e r t a in  in te rv ie w e r  
s t y l e s ,  s p e c i f i c a l l y  d i r e c t i v e  and n o n - d i r e c t iv e ,  had an  e f f e c t  on th e  
com m unication b e h a v io rs  o f  c l i e n t s  e i t h e r  in c re a s in g  c e r t a i n  c o n te n t 
c l a s s e s  o r d e c re a s in g  in  some c a s e s .  In  a r e - a n a ly s i s  o f th e  same 
d a ta ,  Hawes and F o ley  (1973) u t i l i z e d  t h e i r  Markov a n a ly s i s  o f  th e  con­
t e n t  c a te g o r ie s  s e le c te d .  U t i l i z i n g  bo th  s t a t e  and t r a n s i t i o n a l  
p r o b a b i l i t i e s ,  th ey  w ere a b le  to  p lo t  th e  developm ent and change o f  
v e rb a l  b e h a v io rs  over tim e . The im portance o f  t h i s  r e s e a rc h  i s  seen  
in  th e  em phasis on com m unication a s  a p ro c e s s ,  th e  u se  o f  p r o b a b i l i t i e s  
o f what i s  encoded , and th e  co n ce rn  w ith  th e  in t e r a c t io n s  o f  encodings 
over tim e . Some problem s w hich may l im i t  th e  g e n e r a l i z a b i l i t y  o f  th i s  
re s e a rc h  in c lu d e :  (1 ) th e  u se  o f  th e  m ed ica l in te rv ie w  r a t h e r  th a n  a
n a tu r a l  s e t t i n g ,  (2 ) em phasis on th e  dyad , (3 ) and a p rim ary  concern  
w ith  one o f  th e  p a r t i c ip a n t s  ( th e  in te rv ie w e r )  as th e  p rim ary  " sh a p e r"  
in  th e  in t e r a c t io n .
Perhaps a s  im p o rta n t a s  th e  r e s e a rc h  conducted  by Hawes and 
F o ley  a re  some assum ptions ab o u t th e  com m unication a c t  p ro v id ed  by 
Hawes (1973). These assum ptions in c lu d e  th e  fo llo w in g :
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Communication i s  a s p a tio - te m p o ra l s e r i e s  o f con- 
ca ten o u s  a c t s .  , . a s e r i e s  o f  in te rc o n n e c te d  th in g s  
o r  e v e n ts .
Communication i s  a p ro cess  phenomenon s im u lta n e ­
o u s ly  in v o lv in g  two o r more sym bol-using  an im a ls .
Communication fu n c tio n s  to  c r e a te  and v a l id a te  
symbol system s w hich d e f in e  s o c ia l  r e a l i t y  and 
r e g u la te  s o c i a l  a c t io n  (pp . 13, 14, 1 5 ).
These assum ptions would seem to  be t a c i t l y  im p o rta n t to  an  approach 
which c o n s id e rs  bo th  l i n g u i s t i c  s t r u c tu r e s  and t h e i r  fu n c tio n s  
(Cummings, 1974c) .
The r e s e a rc h  s t r a t e g i e s  and s tu d ie s  m entioned  above seem to  
o f f e r  e m p ir ic a l ev id en ce  t h a t  th e  b eh av io rs  o f  in d iv id u a ls  in  communi­
c a t io n  in t e r a c t io n s  a re  to  some d eg ree  a t  l e a s t  e f f e c te d  by th o se  o f 
o th e r s .  Yet th e re  does n o t ap p ea r to  be an  approach  which s p e c i f i e s  
th e  m a n ife s t l i n g u i s t i c  s t r u c tu r e s  o f  in d iv id u a ls  and th e  fu n c t io n a l  
r e l a t i o n s  o f  in d iv id u a ls  and th e s e  s t r u c t u r e s .  Toward t h a t  end , th e  
developm ent o f such an  approach  i s  p re se n te d  in  C hap ter I I .
P re -T h e o re tic  A ssum ptions 
The p re v io u s  s e c t io n s  o f  t h i s  c h a p te r  have co n cern ed : (1) the
r a t i o n a le  f o r  a s t r u c t u r a l / f u n c t i o n a l  approach  to  th e  in t e r a c t io n  o f 
language in  com m unication s i t u a t i o n s ,  (2) th e o r e t i c a l  b a se s  w hich would 
seem most v ia b le  f o r  such an ap p ro ach , and (3) some r e le v a n t  re s e a rc h  
r e l a t i n g  to  th e se  co n c e rn s . Taken to g e th e r ,  th e s e  s e c t io n s  form th e  
p r e - th e o r e t i c  b ase s  f o r  a p r e c is e  ax io m a tic  system  on w hich a 
s t r u c t u r a l / f u n c t i o n a l  th e o ry  may be b u i l t .  I t  has n o t been th e  p u r­
pose o f  th e se  s e c t io n s  to  develop  any one t h e o r e t i c a l  b ase  to  th e  
e x c lu s io n  o f  o th e r s .  A ll  ap p ea r to  have d e fe c ts  as w e ll  as m e r i ts .
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R esearch  i s  p re se n te d  to  p ro v id e  a view o f an o r i e n t a t i o n  which i s  
concerned  w ith  th e  i n t e r a c t io n  o f  humans o ver tim e in  s p e c i f i c  s i t u a ­
t io n s  .
I t  i s  th e  m ajor c o n te n tio n  o f t h i s  c h a p te r  th a t  s e v e ra l  
approaches may c o n t r ib u te  to  a b ro ad e r th e o ry  o f  language in t e r a c t io n  
o ver tim e w ith in  com m unication s e t t i n g s .  Toward t h a t  end, a ca se  has  
been made th a t  few, i f  any , o f  th e  t h e o r e t i c a l  o r re s e a rc h  p e r s p e c t iv e s  
shou ld  be e l im in a te d ,  b u t r a th e r  t h a t  a s y n th e s is  o f  th e  s e v e ra l  
approaches may be n e c e s s a ry .
Based upon th e  co n cep ts  e lu c id a te d  in  th e  f i r s t  th r e e  s e c t io n s
o f th i s  c h a p te r  as w e ll  as  th e  g e n e ra l p e r s p e c t iv e  p re se n te d  above, th e
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fo llo w in g  p r e - th e o r e t ic  assum ptions a re  made:
1. Man i s  an  a c t iv e  p ro c e s so r  o f  in fo rm a tio n .
2 . In any s o c i a l  s i t u a t i o n ,  man has a r e p e r t o i r e  
o f b e h a v io rs ,  in c lu d in g  language b e h a v io rs .
3 . Man o p e ra te s  on h i s  environm ent as an a c t iv e  
organism  and may make d e c is io n s  on th e  ap p ro ­
p r i a t e  b e h a v io rs  based  upon p r o b a b i l i t y .
4 .  The p r o b a b i l i t i e s  o f  s e le c t io n  fo r  any language 
b eh av io r  a re  dependen t upon th re e  f a c t o r s :  (1) 
p r io r  le a r n in g ,  (2 ) r e s t r a i n t s  o f  s y n ta x , and 
(3 ) e f f e c t s  o f  in t e r a c t io n  in  th e  g iv e n  communi­
c a t io n  s i t u a t i o n .
5 . A com m unication in t e r a c t io n  in c lu d e s  two o r more 
in d iv id u a ls ,  b e h a v io ra l  r e p e r t o i r e s ,  and th e  
a l t e r a t i o n  o f  s e le c t io n  from  each  r e p e r t o i r e  by 
e f f e c t in g  r e l a t i o n s  betw een th e  p a r t i c ip a n t s .
*
P recedence fo r  p ro ced in g  from p r e - th e o r e t ic  assum ptions to  
an ax io m atic  system  stem s from p ro ced u res  g e n e ra lly  adop ted  in  s e t  
th e o ry  and o th e r  g e n e ra l  m athem atics (See McCoy, 1968; Y ouse, 1970).
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6. The m a n ife s t language s t r u c tu r e s  o f in d iv id u a ls  in  
a com m unication in t e r a c t io n  fu n c tio n  to  b o th  d e f in e  
and r e g u la te  th e  r e l a t i o n s  o f in d iv id u a ls  in  th a t  
i n t e r a c t io n .
These assum ptions form th e  b a s is  o f  th e  a x io m a tic  system  
developed  in  th e  fo llo w in g  c h a p te r .  No c la im  can be made th a t  th e  
system  d e a ls  w ith  every  assu m p tio n . However, as  m entioned above, the  
system  is  d esigned  to  form th e  b a s is  fo r  a s t r u c t u r a l / f u n c t io n a l  
th e o ry  which may in te g r a te  th e  most v ia b le  p a r ts  o f  th e  th e o re t ic  
b ases  p rov ided  in  t h i s  c h a p te r .
CHAPTER I I
AN AXIOMATIC SYSTEM
Because a f u l l y  fo rm a liz e d  th e o ry  o r model as a r t i c u l a t e d  by 
Rudner (1966) i s  beyond th e  scope o f  t h i s  w ork , th e  system  p re se n te d  
h e r e ,  based  upon th e  assum ptions g iv e n  in  th e  p re v io u s  c h a p te r ,  
sh o u ld  be more a p p r o p r ia te ly  c a l le d  "tow ard  a s t r u c t u r a l / f u n c t i o n a l  
th e o ry "  r a th e r  th a n  a com plete  fo rm a liz e d  th e o ry . However, th e  con­
s t r u c t io n  o f  th e  system  p re s e n te d  h e re  r e p r e s e n ts  th e  b a s is  fo r  a more 
fo rm a lize d  th e o ry  o f  i n t e r a c t i o n .  A p rim ary  c o n s id e r a t io n  o f  th e  
approach ta k en  h e re  i s  t h a t  a  th e o ry  o f  com m unication as in t e r a c t io n  
shou ld  be based  upon a s u f f i c i e n t l y  p r e c i s e  s e t  o f  s ta te m e n ts  th a t  
f a l s i f i c a t i o n  o f  th e  c o n c e p ts  th ro u g h  e m p ir ic a l  r e s e a r c h  i s  p o s s ib le .
The c r i t e r i a  f o r  c o n s tr u c t io n  o f  t h i s  a x io m a tic  system  i s  
b ased  upon th a t  s e t  f o r th  by R udner. In  g e n e ra l ,  th e  system  p roceeds 
from  a  s e t  o f  p r im it iv e s  w hich have v a ry in g  means o f o p e r a t io n a l iz a t io n .  
D e f in i t io n s  b ased  upon th e s e  p r im it iv e s  and s ta te m e n ts  d e r iv e d  from 
com binations o f  d e f in i t i o n s  and axiom s a r e  th e n  p re s e n te d .  The la n ­
guage and r u le s  f o r  fo rm a tio n  o f  s ta te m e n ts  a r e  m a th em a tica l in  n a tu re  
and based  upon s e t  th e o ry , a lg e b r a ,  and d i f f e r e n t i a l  c a lc u lu s .  A 
b r i e f  key to  sym bols used  may be found in  Appendix B. T ra n s fo rm a tio n a l 
r u le s  w hich d e te rm in e  w hat theorem s may be d e r iv e d  from o th e r  s t a t e ­
m ents i s  based  upon a sym bolic lo g ic  o f  p r o p o s i t io n s .
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The System
The fo llo w in g  terras used  in  th e  a x io m a tic  system  a re  h e ld  to  
be p r im it iv e :
1. p e rso n
2. b eh av io r
3 . word
4 . tim e
These term s have v a ry in g  d eg ree s  o f  o p e r a t io n a l i z a t io n .  W ithout g e t ­
t in g  in to  a d e ta i le d  d is c u s s io n  o f  th e  d i f f i c u l t y  in  o p e r a t io n a l iz in g  
th e se  te rm s , i t  can  be seen  t h a t  th e  two m ost e a s i l y  de te rm in ed  a r e  
tim e and p e rso n . Time may be ex p re ssed  in  y e a r s ,  d a y s , h o u rs ,  m in u te s , 
o r  seco n d s . The b a s ic  u n i t  o f  tim e used  w ith in  th e  system  i s  an 
i n t e r v a l  o f  1, Time may be c o n s id e re d  to  be  isom orphic w ith  th e  s e t  
o f  p o s i t iv e  r e a l  num bers, and th e  e x a c t m easure a w a its  e m p ir ic a l  v a l i ­
d a t io n  w hich i s  beyond th e  scope o f  t h i s  p a r t i c u l a r  s tu d y . P e rso n  may 
be o p e r a t io n a l iz e d  as a u n i t  o f  1 , a s e t  o f  p erso n s b e in g  e x p re sse d  in  
some s u b s e t  o f  p o s i t i v e  in t e g e r s .  The te rras n o t so  e a s i l y  o p e ra t io n ­
a l iz e d  a re  word and b e h a v io r .  B ehavior may be c o n s id e re d  an a c t  o f  a 
human, b u t the r e s e a r c h e r  who w ishes to  t e s t  th e  system  m ust d e l im i t  
th e  co n cep t to  s p e c i f i c  a c t s .  The r e s e a r c h e r  may a l s o  be concerned  
w ith  b eh av io rs  n o t  n e c e s s a r i ly  human. The co n cep t o f word as used in  
th e  system  e n t a i l s  th e  n o t io n  th a t  a word is  a b e h a v io r . S p e c if ic  
d e l im i ta t io n  o f  t h i s  te rm  may e n t a i l  numerous p rob lem s, and p a r t i c u l a r  
c l a s s i f i c a t i o n s  o f  u t te r a n c e s  may need to  be used  (Cummings, 1970a; 
Cummings and Renshaw, 1975). B ehav ior and word may, o f  c o u rs e ,  be 
c o n s id e re d  in  u n i t s  isom orphic w ith  th e  s e t  o f  p o s i t iv e  in te g e r s .
D e f in i t io n  1. A b e h a v io ra l  r e p e r t o i r e  (R) i s  by d e f in i t i o n  
a s e t  o f  s u b se ts  each  e lem en t o f  w hich i s  a b e h a v io r .
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S p e c if ic  i d e n t i f i c a t i o n  o f a b e h a v io ra l r e p e r t o i r e  n e c e s s i t a te s  a 
c l a s s i f i c a t i o n  system  o f b e h a v io ra l a c t s .  The r e s e a r c h e r  who u t i l i z e s  
t h i s  system  may l i m i t  th e  scope o f  b e h a v io rs  w ith  w hich he i s  con­
ce rn e d . S in ce  the  p rim ary  concern  o f t h i s  work i s  th e  i n t e r a c t io n  o f 
language b eh av io rs  w ith in  com m unication s e t t i n g s ,  th e  language r e p e r ­
t o i r e  becomes th e  p rim ary  fo c u s .
D e f in i t io n  2 . A language r e p e r t o i r e  (L) i s  by d e f in i t i o n  
a su b se t o f  R in  w hich each r  in  L i s  a s e t  o f  w ords.
Cummings (1970a, 1970b) has developed  a c l a s s i f i c a t i o n  system  which 
may p ro v id e  th e  b a s is  f o r  t h i s  s e t  o f  s u b s e ts .  A more p re c is e  d e s ­
c r i p t i o n  i s  found in  C hap ter I .
D e f in i t io n  3 . A s i t u a t i o n  b e h a v io ra l r e p e r t o i r e  (K) is  
by d e f i n i t i o n  a s u b se t  o f  R such th a t  i f  P i s  a s e t  o f
p erso n s and T a s e t  o f  tim e i n t e r v a l s ,  th e n  f o r  each
t  in  T and p in  P, K e x i s t s .
D e f in i t io n  4 . A s i t u a t i o n  language r e p e r t o i r e  (W) i s  
by d e f i n i t i o n  a s u b se t o f  L such th a t  i f  P i s  a s e t  o f
p erso n s and T a s e t  o f  tim e i n t e r v a l s ,  th en  fo r  each
t  in  T and p in  P , W e x i s t s .
These s i t u a t i o n a l  r e p e r t o i r e s  r e p re s e n t  s p e c i f i c  s e t s  o f b eh av io rs
which may occur in  a g iven  tim e segm ent.
D e f in i t io n  5 . An i n t e r a c t  s e t  ( I )  i s  by d e f i n i t i o n  
a s e t  o f  p e rso n s  P , tim e in t e r v a l s  T, language r e p e r ­
t o i r e s  (L) co rre sp o n d in g  to  each  p in  P , and a s e t  of 
su b se ts  W o f  L f o r  each  p in  P and t  in  T.
The co n cep ts  e lu c id a te d  above b a s ic a l ly  r e p re s e n t  th e  h y p o th e t ic a l  
l i n g u i s t i c  b e h a v io rs  a v a i la b le  to  a perso n  a t  a g iv en  tim e . In  any 
g iven  tim e segm ent, a su b se t o f  th e  t o t a l  p o s s ib le  b e h a v io rs  e x i s t s .  
The b a s ic  e lem en ts n e c e ssa ry  fo r  com m unication a t  t h i s  p o in t  must i n ­
c lu d e : (1 ) p e rso n s , (2) b e h a v io ra l r e p e r t o i r e s  f o r  each p e rso n , (3 ) 
language r e p e r t o i r e s  fo r  each p e rso n , and (4) a s u b se t o f  th e se
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language r e p e r to i r e s  a t  any g iv en  tim e segm ent.
Axiom 1. For any p in  P and t  in  T , W&L may equ a l 0 .
D e f in i t io n  6 . L et peP, t«T , and WSL co rresp o n d in g  to
p and t .  Then fo r  each weW, a word index  (v ) is  by 
d e f in i t i o n  th e  c a r d in a l  number o f  w d iv id e d  by th e  
c a r d in a l  number o f W.
The word index  p ro v id es  a co n v en ien t means o f  a s s e s s in g  the  use  o f
c e r t a in  language c a te g o r ie s .  W ith in  a s p e c i f i c  c a te g o ry  system , th e
word index  would sim ply  be th e  freq u en cy  o f  a c e r t a in  c a te g o ry  d iv id e d
by th e  t o t a l  o f  a l l  f re q u e n c ie s  in  a l l  c a te g o r ie s  fo r  a f ix e d  tim e
in t e r v a l .
D e f in i t io n  7 . L et QSP, te T , and WfcL co rresp o n d in g  to
peQ and t .  L e t n eq u a l th e  c a r d in a l  number o f  Q. Then
an  i n t e r a c t  com bination  (c )  = 2 ^ * .
An i n t e r a c t  com bination  i s  b a s ic a l ly  a mean word index  fo r  a group o f
n p e rso n s .
D e f in i t io n  8 . L et QSP, MSP, Cq and Cjj co rre sp o n d in g  to  
Q and M fo r  some teT . Then D iffe re n c e  (D-^) i s  eq u a l toQM'
D e f in i t io n  8a . S im i la r i ty  (S^^) i s  eq u a l to  l-D ^^.
D e f in i t io n  9 . L e t QSP and c^^ d e f in e d  fo r  some t<T,
c fo r  t - l€ T .  Then change in  c Cac ) i s  eq u a l 
t- lQ  tQ ^  tQ '
(^ tg r^ t - iQ )
D e f in i t io n  10. L et QCP and c d e f in e d  fo r  ev e ry  teT .
Then th e  change in  c w ith  r e s p e c t  to  tim e i s  eq u a l to
th e  d e r iv a t iv e  o f  c w ith  r e s p e c t  to  tim e ( ^ ) .
d t
In  e s s e n c e , word indexes and i n t e r a c t  com binations can  be ex p re ssed  
as  fu n c tio n s  o f  tim e . The d e r iv a t iv e s  o f  th e se  e q u a tio n s  p ro v id e  a 
means o f  a s s e s s in g  change over tim e.
D e f in i t io n  11. Let QSP, MsP, D^^ and d e f in e d  fo r
ev e ry  t«T . Q Sha M means by d e f in i t i o n  th a t  th e  
fo llo w in g  c o n d itio n s  h o ld :
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1.
2 .
3 .
4 .
5.
Cq = a ^ ta n h ( t )  +  f o r  a l l  t .
Cm ~ a 2 ta n h ( t )  + bg f o r  a l l  t .
fo r  ev ery  teT .
" T ,  any t .
DQjj=Atanh(t) + B, A<0, f o r  a l l  t .
D e f in i t io n  11a. In g e n e ra l th e  Sha r e l a t i o n  h o ld s  i f  
c o n d it io n s  1, 2 , and 5 h o ld , and th e  d e r iv a t iv e s  o f 
each c conform  to  c o n d itio n s  3 and 4 .
Theorem 1. 
P roo f :
I f  Dq^  = A ta n h ( t)  + B fo r  a l l  t ,  th e n  B = |cqq- c^^gl.
D.
Q^M
^=Atanh(0)+B
Theorem 2 .
P ro o f : 
Theorem 3 .
P ro o f :
QMO
D o~S s in c e  ta n h (0 )= 0 .
d e f in i t i o n  8 .
® "  IcQO'CMo!
I f  CQ=aj^tanh(t)+bj^ fo r  ev e ry  t  th e n  b=Cqg.
Follow s as in  theorem  1 by ta k in g  tan h (O ).
I f  Q Sha M then  a ^ O  and a ^ O ,
o r a j> 0  and ag>0,
o r  aj^=0 o r  a 2=0  b u t n o t b o th ,
Case 1 
$ a^=0
Then Cn = b
 and a 2=0 .
Cjj “  ^2 d e f in i t i o n  11.
®QM~^^1"^2^ from  s u b s t i t u t i o n  and d e f in i t i o n  8. 
Dq^ B  from theorem s 1 and 2 .
Dq^=B im p lie s  t h a t  A ta n h (t)= 0  w hich im p lie s  th a t  
A=0 o r  ta n h ( t )= 0 .
S ince  ta n h ( t )  c an n o t e q u a l 0 fo r  a l l  t ,
A=0, a c o n t r a d ic t io n  to  D e f in i t io n  11.
,*. a i= 0  and a 2=0 c an n o t h o ld .
Case 2
$ a j> 0  and a 2< 0 .
From d e f in i t i o n  11a, ta k in g  th e  d e r iv a t iv e  o f
a ^ se c h ^ (^ )* a 2 se c h ^ ( t) iO .
L e t k = s e c h 2 ( t) .
Then a2k*a2 l60 .
k=0 im p lie s  t h a t  s e c h ^ ( t)= 0  fo r  a l l  t ,  
a c o n t r a d ic t io n .
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For k>0, aj^k>0 and a2^<0 which im p lie s  th a t  
a^k^agk^O, a c o n t r a d ic t io n .  
aj^?0 and a 2<0  can n o t h o ld .
Case 3
$ ajcO  and a 2>0
P roof fo llo w s  as in  Case 2 th a t  t h i s  c o n d i t io n  
can n o t h o ld .
Taking each  o f  th e s e  c a se s  by e l im in a t io n ,  on ly  
th e  th r e e  c o n d it io n s  in  th e  theorem  may h o ld .
Axiom 2 . L et Q, M, 0 be s u b s e ts  o f  P. Then i f  Q Sha M
and M Sha 0 , then  Q Sha 0.
D e f in i t io n  12, L et QSP, MSP, and S^^ d e f in e d  f o r  
ev e ry  t6T . Q CSha M means by  d e f i n i t i o n  th a t  th e  
fo llo w in g  c o n d it io n s  h o ld :
1. Cq = a j^ ta n h (t)  + b j  f o r  a l l  t .
2. c^  = ag tan h C t) + b^ f o r  a l l  t .
3 . f o r  ev e ry  t .
4 . |A c^ ^ |> (a c^ q ( f o r  some ts T , lAC^j^J^Cj-q] f o r  any t .
5 . D q^=A tanh(t) + B, A>0.
D e f in i t io n  12a. In  g e n e ra l  th e  CSha r e l a t i o n  h o ld s  i f  
c o n d it io n s  1, 2 , and 5 h o ld ,  and th e  d e r iv a t iv e s  o f  each  
c conform  to  c o n d itio n s  3 and 4 .
Theorem 4 . I f  Q CSha M th e n  3j^<0 and 3^4 0
o r  a^>0 and a 2>0
o r a%=0 or 32=0 b u t n o t  b o th .
P ro o f: Follow s in  same manner a s  th a t  f o r  Theorem 3.
Axiom 3 . L et Q, M, 0 be s u b s e ts  o f  P. Then i f  Q CSha M 
and M CSha 0 , th en  Q CSha 0 .
Theorem 5. L et Q, M be s u b s e ts  o f  P. Then i f  Q Sha M
then  n o t M Sha Q.
P ro o f: From s e c t io n  4 o f  d e f i n i t i o n  11, Q Sha M
im p lie s  no change in  i s  le s s  th a n  th e  change in  
Cq. But M Sha Q im p lie s  th a t  such a r e l a t i o n  e x i s t s  
f o r  some t ,  a c o n t r a d ic t io n .
Theorem 6 . L et Q, M be s u b s e ts  o f  P. Then i f  Q CSha M
th e n  n o t M CSha Q.
P ro o f: Follow s as  in  Theorem 5.
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The r e l a t i o n s  s p e c i f ie d  in  th e  p rev io u s  s ta te m e n ts  a re  th e  shap ing  
(Sha) and c o u n te r-sh a p in g  (CSha) c o n c e p ts . E s s e n t i a l l y ,  shap ing  i n ­
v o lv e s  th e  a c q u i s i t i o n  o f  s i m i l a r i t y  over tim e p r im a r i ly  as  th e  r e s u l t  
o f  change in  one i n t e r a c t  co m b in a tio n . C o u n te r-sh ap in g  in v o lv e s  th e  
a c q u i s i t i o n  o f in c re a s in g  d i f f e r e n c e  over tim e p r im a r i ly  due to  changes 
in  one i n t e r a c t  co m b in a tio n .
D e f in i t io n  13. L et QSP, MSP, D _  and S^^ d e f in e d  fo r  
e v e ry  teT . Q Mef M means by d e f in i t i o n  th a t  th e  
fo llo w in g  c o n d i t io n s  h o ld :
1. Cq = a j^ ta n h (t)  +  h^.
2 . c^  = a 2 ta n h ( t )  +  b ^ .
3 . ûc^Q*ûCj^<0 f o r  some t  and pi 0 f o r  any t ,  
o r  (ACtQl = U c^ .j^ |fo r ev e ry  t .
4 . D q^=A tanh(t) + B, A£0.
D e f in i t io n  13a. In  g e n e ra l  th e  Mef r e l a t i o n  h o ld s  i f  
c o n d it io n s  1 , 2 , and 4 h o ld ,  and th e  d e r iv a t iv e s  o f  each 
c conform  to  c o n d i t io n  3 .
Theorem 7. I f  Q Mef M th e n  a j< 0  and a2>0
o r  aj^>0 and 32<0 
o r  a^=0 and ag^O.
P ro o f: U t i l i z i n g  a p ro ced u re  s im i la r  to  th a t  in
theorem  3 , th e  p ro o f fo llo w s .
Axiom 4 . L e t Q, M, 0 be s u b s e ts  o f  P. Then i f  Q Mef M
and M Mef 0 th e n  Q Mef 0 .
Theorem 8 . I f  Q Mef M th e n  M Mef Q.
P ro o f: Follow s sim p ly  from s e c t io n  3 o f  d e f i n i t i o n  13;
c o n d i t io n  h o ld s  r e g a r d le s s  o f  o rd e r  o f a c .
D e f in i t io n  14. L e t QSP, M^P, D^^ and d e f in e d  f o r
ev ery  teT . Q CMef M means by d e f in i t i o n  th a t  th e
fo llo w in g  c o n d it io n s  h o ld :
1. Cq = a j^ ta n h (t)  + bj^.
2 . Cjg^ = a 2 ta n h ( t )  + b2*
3. Ac^q*ac^^<0 fo r  some t  andp40 f o r  any t ,
o r  = ü c ^ ^ l f o r  ev e ry  t .
4 .  Dqj^=Atanh ( t )  +  B, A>0.
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D e f in i t io n  14a. In  g e n e ra l th e  CMef r e l a t i o n  h o ld s  i f  
c o n d itio n s  1 , 2 , and 4 h o ld , and th e  d e r iv a t iv e s  o f  each 
c conform  to  c o n d it io n  3.
Theorem 9 . I f  Q Mef M, th e n  a^>0 and agtO
or 3j<0 and ag>0
P ro o f: A gain fo llo w s  from s im i la r  p ro ced u re  as  in
Theorem 3 .
Axiom 5 . L e t Q, M, 0 be su b se ts  o f  P. Then i f  Q CMef M 
and M CMef 0 ,  th e n  Q CMef 0 .
Theorem 10. I f  Q CMef M th en  M CMef Q.
P ro o f; Follow s as in  Theorem 8 .
The r e la t io n s  d e f in e d  above a re  th e  m u tu a l- e f f e c t  (Mef) and c o u n te r-  
m u tu a 1 -e ffe c t (CMef). The Mef r e l a t i o n  in v o lv e s  th e  a c q u i s i t i o n  o f  
s i m i l a r i t y  over tim e th rough  th e  m utual change o f  b o th  i n t e r a c t  combin­
a t io n s .  I t  shou ld  a ls o  be  n o ted  th a t  th e  un ique c a se  o f  a^=0 and 32=0 
a s  w e ll  as  A=0 occur o n ly  in  th e  Mef r e l a t i o n .  The Mef r e l a t i o n  was 
chosen  f o r  th e se  c a se s  as th e  la c k  o f  any e f f e c t  (o r  th e  p re se n c e  o f an 
e q u a l change in  th e  same d i r e c t io n  f o r  b o th  co m b in a tio n s) im p lie s  th a t  
n e i th e r  have been dom inant in  change over th e  o th e r ,  and d i f f e r e n c e  has 
n o t in c re a se d  o r  d e c re a se d . The CMef r e l a t i o n  in v o lv e s  th e  a c q u i s i t io n  
o f  d i s s i m i l a r i t y  over tim e a g a in  th rough th e  m utual change o f  bo th  
i n t e r a c t  co m b in a tio n s .
D e f in i t io n  15. A com m unication in t e r a c t io n  (C) c o n ta in s  
by d e f in i t i o n  a s e t  o f  p erso n s  ( P ) , su b se ts  o f  P (Q, M, 0 , . . . ) ,  
s e t s  o f R c o rre sp o n d in g  to  each p (P , a s e t  o f  tim e in t e r v a l s  
(T ) , s u b s e ts  o f  R (W) co rre sp o n d in g  to  each  teT  and pep and a t  
l e a s t  one o f  th e  fo llo w in g  r e l a t i o n s :  Sha, CSha, M ef, o r  CMef.
The m ajor t h r u s t  o f  th e  ax io m atic  system  p re se n te d  h e re  r e ­
v o lv e s  around th e  i n t e r a c t io n  o f  b e h a v io rs  over tim e w ith in  communica­
t io n  s e t t i n g s .  I t  can  be seen  th a t  in  any  s i t u a t i o n ,  th e  b a s ic
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components o f  an i n t e r a c t  in c lu d e  p e rs o n s , b e h a v io ra l  r e p e r t o i r e s ,  
b eh av io rs  f o r  a g iv en  tim e segm ent, and th e  fo u r d e fin e d  r e l a t i o n s .
W ith a s p e c i f i c  em phasis on language b e h a v io rs ,  each word index  a t  a 
g iv en  tim e can  be viewed as  a p r o b a b i l i t y  f o r  t h a t  b eh av io r in  th e  
n e x t time fram e. Thus, changes in  encoding  b eh av io r a t  any tim e b e­
come d i r e c t l y  r e l a t e d  to  th e  p r o b a b i l i t i e s  o f  o th e r  in d iv id u a ls  invo lved  
in  th e  in t e r a c t io n .
O bv iously , th e  system  can n o t be c o n s id e re d  com plete o r  c lo s e d . 
I t  may be n o ted  th a t  th e  system  a t  p re s e n t  concerns p r im a r i ly  th e  d e s ­
c r ip t i o n  o f  in t e r a c t io n  over tim e . No s p e c i f i c a t io n  o f  any ex tra n eo u s  
v a r ia b le s  le a d in g  to  one o r more o f  th e  r e l a t i o n s  i s  made. Thus, th e  
system , would seem q u i te  open to  developm ent a long  a t  l e a s t  two l i n e s :
(1) a s p e c i f i c a t io n  o f  th e  com binations o f  r e l a t i o n s  and d e r iv e d  s t a t e ­
ments fo r  d i f f e r i n g  com m unication s e t t i n g s  may be added to  th e  s e t ,  and
(2) a s p e c i f i c a t io n  o f  th e  r e l a t i o n  betw een th e  system  and o th e r  v a r i ­
a b le s  such as le a rn in g  th e o ry , c o g n i t iv e  p ro c e s s in g , le a d e r s h ip ,  and 
power in  g ro u p s . The second a re a  i s  so la rg e  as to  be p r o h ib i t iv e  fo r  
one o r  two re s e a rc h  p r o je c t s .  The f i r s t ,  though q u i te  e x te n s iv e ,  
appears to  len d  i t s e l f  to  a p ro ced u re  which would a llo w  an a n a ly s is  o f 
d i f f e r e n t  s i t u a t io n s  and v a lu e s ,  g iv en  th e  assum ptions o f  th e  system . 
Such a p ro ced u re  i s  a v a i la b le  th rough  th e  u se  o f  com puter s im u la tio n .
The rem ain ing  p o r t io n s  o f  th i s  work a re  concerned  w ith  t h i s  type o f 
p ro c e d u re . A more s p e c i f i c  j u s t i f i c a t i o n  and p r e c is e  q u e s tio n s  a re  
p re se n te d  in  th e  fo llo w in g  c h a p te r .  S u g g es tio n s  concerned  w ith  th e  
second a re a  a r e  g iv en  in  C hap ter V.
CHAPTER I I I  
A MODEL AND SIMULATION
J u s t i f i c a t i o n  and P rocedure  
A belson (1968) d e f in e s  s im u la tio n  as th e  " e x e rc is e  o f a 
f l e x i b le  im ita t io n  o f  p ro c e s se s  and outcomes fo r  th e  pu rpose o f  c l a r i ­
fy in g  o r  e x p la in in g  th e  u n d e rly in g  mechanisms in v o lv ed  (p . 2 7 5 ) ."  A 
s im u la tio n  o f  a g iv e n  phenomenon, th u s ,  should  p ro v id e  b o th  a c l a r i f i ­
c a t io n  and a s p e c i f i c a t io n  o f  th e  r e l a t i o n s  in v o lv ed  in  th a t  phenomenon. 
A ccording to  A belson , s im u la tio n s  have been used to  a s s e s s  phenomena 
ran g in g  from s o c ia l  in t e r a c t io n  to  human in t e l l ig e n c e .  S in ce  th e  u su a l 
method fo r  t e s t in g  a th e o ry  o r  ax io m atic  system  in v o lv es  th e  g e n e ra tio n  
and t e s t i n g  o f h y p o th e se s , i t  would seem n e c e ssa ry  to  j u s t i f y  any d e­
p a r tu re  from th i s  p ro c e d u re .
In  th e  c h o ic e  o f  a com puter s im u la tio n  fo r  th e  f u r th e r  d e v e l­
opment o f  th e  system  under c o n s id e ra t io n  in  t h i s  w ork, th e  fo llo w in g  
j u s t i f i c a t i o n s  w ere c o n s id e re d . F i r s t ,  a s im u la tio n  would p ro v id e  more 
in fo rm a tio n  th an  any one e m p ir ic a l s tu d y . In  th e  p rev io u s  c h a p te r ,  i t  
was no ted  th a t  th e  f u r th e r  developm ent o f  th e  ax io m atic  system  n e c e s s i ­
ta te d  f u r th e r  s p e c i f i c a t i o n  o f  com binations and s ta te m e n ts  concerned  
w ith  d i f f e r in g  com m unication s e t t i n g s .  W ith th e  d i g i t a l  com puter, a 
v a r ie ty  o f  s i t u a t io n s  ra n g in g  from 2 to  n member groups cou ld  be viewed
in  h y p o th e t ic a l  s i t u a t i o n s .  This would seem to  p ro v id e  more in fo rm a tio n
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ab o u t th e  n a tu re  o f  th e  d e f in e d  r e l a t i o n  th a n ,  fo r  exam ple, a s in g le  
s tu d y  w ith  tw enty  d y ad s . Second, a s im u la tio n  would p ro v id e  a means o f  
a s s e s s in g  p a ram ete rs  f o r  r e s e a r c h  in  a v a r i e ty  o f  s i t u a t i o n s .  Such 
p aram eters  would a l s o  p ro v id e  a means o f  e s ta b l i s h in g  a c r i t e r i a  fo r  
ju d g in g  th e  f i t  o f  th e  ax io m a tic  system  to  e m p ir ic a l  d a ta .  T h ird , a 
s im u la tio n  would p ro v id e  a means o f  v iew ing  a number o f  p o s s ib le  s i t u a ­
t io n s  in  o rd e r  to  a s s e s s  w h e th e r o r  n o t  c e r t a i n  o f  th e  axioms h o ld , f o r  
exam ple, th e  t r a n s i t i v e  p ro p e r ty  o f  sh ap in g  (S h a). F in d in g  one p o s s i ­
b le  ca se  w here t h i s  p ro p e r ty  does n o t h o ld  would n e g a te  t h a t  axiom , and 
a c tu a l ly  p ro v id e  a t e s t  o f  th e  lo g i c a l  s t r u c t u r e  o f th e  sy stem . F o u r th , 
a s im u la tio n  would p ro v id e  a means o f  d ev e lo p in g  com bin a tio n  p ro p e r t ie s  
o f  th e  d e f in e d  r e l a t i o n s ,  fo r  exam ple, i f  Q shapes M (Q Sha M) and M 
c o u n te r-sh a p e  0 (M CSha 0 ) ,  th e n  w hat i s  th e  r e l a t i o n  betw een Q and 0 . 
Though many o f  th e s e  co m b in a tio n s  may be d e r iv e d  from th e  system  
a n a l y t i c a l l y ,  a s im u la tio n  would l i m i t  th e  number which may be i n t e g r a l  
to  th e  system . F i f t h ,  a s im u la tio n  in  g e n e ra l  sh o u ld  p ro v id e  a means 
o f  a s s e s s in g  any u n u su a l c a se s  w hich may o ccu r b u t canno t be  e x p la in ed  
by th e  sy stem .
I t  shou ld  be p o in te d  o u t th a t  th e  s im u la tio n  r e p o r te d  in  t h i s  
c h a p te r  was n o t  an e m p ir ic a l o r e x te r n a l  v a l id a t io n  or f a l s i f i c a t i o n  o f 
th e  ax io m atic  sy stem , b u t  in s te a d  was an  i n t e r n a l  v a l id a t io n  o f  t h a t  
s t r u c t u r e .  I t  was d es ig n ed  p r im a r i ly  to  am p lify  and c l a r i f y  th e  b a s ic  
r e l a t i o n s .  On t h i s  b a s is  and th e  j u s t i f i c a t i o n  m entioned above, th e  
fo llo w in g  s p e c i f i c  re s e a rc h  q u e s tio n s  w ere o f  p rim ary  co n ce rn :
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1. What p o s s ib le  c o n d it io n s  w i l l  th e  system  n o t d e s c r ib e  
a c c u ra te ly ?
2. Given c e r t a i n  in d iv id u a l  r e l a t i o n s  w ith in  n-member g ro u p s , 
w hat ty p es  o f r e l a t i o n s  emerge when in d iv id u a l  s c o re s  a re  
combined?
3 . What p o s s ib le  s i t u a t i o n s ,  i f  an y , c o n t r a d ic t  axiom s o r 
theorem s w ith in  th e  system ?
4 . What new theorem s o r axioms can  be developed  from  th e  
s im u la tio n  w hich co n ce rn  com binations o f  th e  d e f in e d  
r e la t io n s ?
5. Given i n i t i a l  index  o r  com bination  v a lu e s ,  a re  th e re  
o th e r  e q u a tio n s  w hich f i t  b e t t e r  th an  th e  tan h  fu n c tio n ?
The com puter s im u la tio n  d es ig n ed  to  answ er th e se  q u e s tio n s
was developed  u s in g  th e  fo llo w in g  p ro ced u re  (Some s te p s  a re  ta k e n  from
A belson , p . 283):
1 . A d e t a i le d  m a th em a tic a l model was developed  to  
d e te rm in e  th e  e q u a tio n s  to  be used  in  th e  s im u la t io n .
2 . T h is  model was th e n  t r a n s l a t e d  in to  a s p e c i f i c  s e ­
quence o f  s te p s  w hich co u ld  be com pu terized  (T his in c lu d ed  
th e  developm ent o f  a f lo w c h a r t ) .
3 . S to rag e  re q u ire m e n ts  were a s s e s se d  in  r e l a t i o n  to  
com puter f a c i l i t i e s  a v a i l a b l e .
4 . C hoice o f  th e  a p p ro p r ia te  com puter language was 
then  made.
5. The program  was w r i t t e n .
6 . The program  was s im u la te d  by hand.
7 . Debugging to o k  p la c e .
8 . The program  was run  on f u l l - s c a l e  h y p o th e t ic a l  d a ta .
In  d ev e lo p in g  th e  s im u la t io n ,  two program s were w r i t t e n .  The f i r s t  
c o n ta in e d  a s u f f i c i e n t  number o f  i t e r a t i o n s  as to  be p r o h ib i t iv e  o f  any 
o b je c t iv e  a n a ly s i s .  The model in  th e  fo llo w in g  s e c t io n  (Model I )  and
o u tp u t in  Appendix C a re  r e p o r te d  f o r  i l l u s t r a t i v e  pu rposes o n ly .
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The im portance o f  t h i s  model i s  found in  i t s  i l l u s t r a t i o n  o f  th e  
d i f f i c u l t y  found in  t r y in g  to  i t e r a t e  many i n i t i a l  v a lu e s  as w e ll  as 
t r y in g  to  e s t a b l i s h  e q u a tio n s  when o n ly  i n i t i a l  v a lu es  a r e  known. The 
p lo t  fu n c tio n  b u i l t  in to  th e  program  based  upon t h i s  model i s  u s e fu l  
in  th a t  i t  sh o u ld  p ro v id e  th e  re a d e r  w ith  a g ra p h ic  view  o f th e  d e ­
f in e d  r e l a t i o n s .  I n s t r u c t io n s  fo r  re a d in g  r e p r e s e n ta t iv e  o u tp u t a re  
in c lu d ed  w ith  th e se  g raphs in  A ppendix C. The program  based  upon 
Model I  w i l l  n o t be re p o r te d  as i t s  r e le v a n c e  to  th e  b a s ic  q u e s tio n s  
r a i s e d  in  th e  p re v io u s  s e c t io n  i s  m in im al.
M athem atical Models
The fo llo w in g  two models a r e  d e r iv e d  from  th e  s ta te m e n ts  in  
th e  ax io m a tic  sy s tem . I t e r a te d  v a lu e s  in  Model I  a re  s t a r r e d  (* ) .  
Model 1
1. L e t w^g* and w^g* be i n i t i a l  index  v a lu e s  a t  tim e 0 ,
2 . * A ta n h (t)  + B
3 . B = 1 -  (WgQ-w^^g) s in c e  S=l-D , th u s  Sg=B=l-(w ^g-w ^g).
4 . L e t A>0. (Case 1)
5. L et w^ = * a ^ ta n h ( t )  + bj  ^ , (V arious cu rv es  f o r  w^)
6 . b]^= Wgo
7. (V alues fo r  wjj d e r iv e d  from  w^)
8 . L e t A60 (Case 2)
9 . L e t Wg= * a ^ ta n h ( t )  + b^
10. w,=w -11-S  , I . 
b a ab
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Model II
1. L et n be th e  number o f  persons in  I .
2. L et be an index  f o r  th e  i t h  p erso n  a t  tim e 0 .
3 . Let be an index  fo r  th e  i t h  p erso n  a t  tim e 1.
4 .
5 . S ince w ^=aj^tanh(t)+b^ and Wj^^=aj^tanh(l)+b^,
a ,
i  t a n h ( l )  C o n d itio n : I f  w^>1.0
hence w,-= / ^ i l ~ ^ i  + b W j<0.0, model does
I t a n h ( l ) /  i '  n o t f i t .
6 . Let W£ and Wj be d i f f e r e n t  in d e x e s , 0 < i in ,  0 < j in ,  i f j .
7 . E stim ated  D (E q u a tio n  from p o in ts  g iv e n ):
Dij=|Wi-Wj|= A_jtanh(t) +
* l j =
Dijl= I Wii-W^l|.i l - j l l
D iji=  A ^ j ta n h ( l)  + B ^j. 
Dj £ 1 —B J
= ta n h ( l )
C o n d itio n : I f
D^j^d.O o r D^j^O.O 
fo r  any t ,  th e n  model 
does n o t f i t .
hence D^j = / ? i l L ? i j . ) t a n h ( t ) + B . .
\ t a n h ( l )  /
8 . Let W iQ "*il "  ^ WjQ-Wji = 8
9 . L et e=cg.
10. I f  e<0 o r | c |= |g |  and A^^j<G, th en  th e  r e l a t i o n  "Mef" h o ld s .
11. I f  e<0 o r j c l = l g |  and Aj^.>0, then  th e  r e l a t i o n  "CMef"
h o ld s .  ^
12. I f  eiO and A jj< 0 , then  th e  r e l a t i o n  "Sha" h o ld s .
13. I f  e>0 and A ^ > 0 , th e n  th e  r e l a t i o n  "CSha" h o ld s .
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14. L e t k= th e  number o f  i n t e r a c t  com binations in  th e  group 
o f  s i z e  n .
15. L et Ij^, 0<m<k, be th e  number o f  p ersons in  each in t e r a c t  
com bination  m.
16. = <5 YrO.
»-=i k
17. = I
rsi k
18. R ep ea tin g  s te p s  4 th rough  13 fo r  each i n t e r a c t  com bina­
t i o n ,  r e l a t i o n s  betw een each a r e  e s ta b l i s h e d .
The s im u la tio n  program  developed  in  th i s  c h a p te r  was based  upon th i s
m a them atica l m odel. Each o f  th e  s ta te m e n ts  was d e r iv e d  from  th e  b a s ic
axiom s, d e f i n i t i o n s ,  and theorem s o f  th e  system .
S im u la tio n  Program 
F o llow ing  th e  second s te p  o f  th e  p ro c e d u re . Model I I  was 
t r a n s l a te d  in to  s te p s  w hich co u ld  be com p u terized . The f lo w c h a r t fo r  
t h i s  p ro ced u re  may be seen  in  i l l u s t r a t i o n  1 . The f a c i l i t i e s  a v a i la b le  
a t  The U n iv e r s i ty  o f  Oklahoma in c lu d e d  an IBM 370-158 d i g i t a l  com puter. 
S in ce  e s tim a te s  o f  s to ra g e  req u ire m en ts  d id  n o t exceed lOOK, and th e  
a c tu a l  program to o k  o n ly  ap p ro x im ate ly  75K, no problem s w ere en ­
c o u n te re d .
The programming language chosen f o r  t r a n s l a t i o n  was P L /I . The 
ad van tages  o f  t h i s  language over F o r tr a n  IV la y  n o t o n ly  in  i t s  f l e x i ­
b i l i t y  and c o n c ise n e ss  in  e x e c u tio n , b u t a ls o  in  i t s  f l e x i b i l i t y  fo r  
use by th e  g e n e ra l  programmer. A f te r  th e  program was w r i t t e n ,  i t  was 
s im u la te d  by hand u s in g  one s e t  o f  dummy v a lu e s .  S e v e ra l ru n s  were 
n e c e ssa ry  b e fo re  th e  program  was read y  f o r  f u l l - s c a l e  d a te .  The 
com pleted program  may be seen  in  I l l u s t r a t i o n  2.
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INST R UC T IONS FOR USE OF SIMPLEX
I N  F I R S T  CARO CODE NUMBER CF PERSONS IN  GROUP*
CODE THE I N I T I A L  AND SUBSEQUENT WORD INDEX FOR EACH PERSON 
I N  .XXXX FORM. AS AN EXAMPLE. A GROUP OF 2  PERSONS WHOSE 
I N I T I A L  AND SUBSEQUENT WORD INDEXES ARE 0 . 2 3 2 3  -  0 . 2 4 2 4  AND 
0 . 2 6 5 6  -  0 . 4 5 6 5  RESPECTIVE LY  WOULD BE CODED AS FOLLOWS:
CCI 2
C C 2 - 6  . 2 3 2 3  WORD INDEX 1 FOR PERSON I
C C 7 - I I  . 2 4 2 4  WORD INDEX 2  FOR PERSON I
C C X 2 - 1 6  . 2 6 5 6  WORD INDEX I  FOR PERSON 2
C C I 7 - 2 I  . 4 5 6 5  WORD I W E X  2  FOR PERSON 2
I F  THERE ARC INTERACT COMBINATIONS D E S I R E ) .  PUNCH THE NEXT 
CARD AS f o l l o w s :
O N E -I N  T H E .F I R S T  CC CODE THE NUMBER OF ICOMBS
T W O-IN THE NEXT CC CODE THE NUMBER OF PE RS O NS I N  ICOMB I
T H R E E -IN  EACH SUCC ESSIVE COLUMN UP TO THE NUMBER IN  S T E P  TWO.
CODE THE NUMBERS OF EACH PERSON.
FOUR-REPEAT FOR EACH ICOMB STEPS TWO AND THREE
AS AN EXAMPLE, SUPPOSE 3  PERSONS WERE I N  A GIV EN  GROUP.
AND ICOMBS WERE D ESIRED  BETWEEN PERSON 3  AS I  ICOMB AND 
PERSONS I C 2  AS THE OTHER ICOMB. THE CARD WOULD BE CODED 
AS FOLLOWS: BEGINNING I N  C C I  2 1 3 2 1 2  
I F  NO ICOMBS ARE OBSlR EOw  THEN PLACE A BLANK CARD.
REPEAT PROCEDURE FOR EACH SET OF DATA.
BE SURE A BLANK CARD I S  PLACED AT THE END OF THE DATA SET 
T H I S  WOULD INCLUDE A BLANK CARD AFTER E A C I  S E T  OF ICOMBS.
THE FOLLOWING ORDER OF DATA SERVES AS AN EXAMPLE:
F I R S T  CARD- D A T A 4 « * |N I T l A L  INDEXES 
SECOND CARO- F I R S T  ICOMBS 
THIRD CARD- SECOND ICOMBS 
FOURTH C ARO- BLANK
F I F T H  CARD- SECOND SET OF INDEX VALUES 
S IX T H  C ARD- BLANK
SEVENTH CARO- THIRD SE T OF INDEXES 
EIGHTH CARD- F I R S T  ICOMB VALUES 
NINTH CARO- BLANK
SIMPLEX IS  L IM IT E D  TO GROUPS OF S I Z E  5  OR SMALLER AT T H I S  TIME
W
r ~
r~
C
LO
4
j>
4
5
z .
fu
I
•or
m
X
to
D O .  I M I 5 . S 1 ) . 0 E ( S > S > S 1 ) « D { S > S . S 1 ) . A I S . S > . B I 5 . 5 > . A « ( S I . B M ( 5 1 . Z C 5 ) « V . X *  
C . C . E t  OECIMAt. F I X E O ( B . A ) .  ( I . J . K . L t N I  B IN  F t X E 0 ( 2 0 t .
I I A . I B C S l . I C t S . S I )  B IN  F IX E D  12 0 ) .
0  F IX E D  D E C I M A L I B . A ) .
A M I S . 5 1 )  F I X E D  D E C I M A L I B . A I .
D I S . 5 )  F IX E D  D E C I M A L f S . 3 ) .
STMT LEVEL NEST
AE F IX E D  D E C i N A L t8 « A ) »  NAME Cl 
ON E N O FIL E  ( S Y S I N I  GO TO E O J !
ARI
S7
8 
10
11
12
13
14
15
1 7
1 8
1 9
20 
2 3  
2 5
2 8
2 8
2 9
3 0
3 1
3 2
3 3
3 4
3 6
3 7
3 8
3 9
4 0
4 1
4 2
4 3  
4 8
4 7
4 8
4 9
1
2
3
3
2
2
2
2
2
3
3
3
3
3
3
3
/ »  READ IN VALUES 4/
start: put page: get eoit( n i ( f <i i i ;
PUT EOIT(> INITIAL INDEX VALUES*t(X(SI»A(20 l  I:
PUT EDIT!«EQUATIONS FOR EACH INDEX*I(XIIS!. A.'2 4 ) I : PUT SKIP;
DO TO n;
GET EDIT(U (J.l) .M C J.III)(F(S .4 ) .F (5 . 4 1 i :
PUT E0 IT< •Ml«<J«««II>«.M<J«II •*« (• •  J«**I I I »  •«( J . l  1 II 
(A(2 > .F (I ) .A (4I .F ( S .4 I.X(5 I .A(2 I .F ( I I .A (S I .F ( S .4 l i :
/ *  DETERMINE ESTIMATED EQUATIONS FDR EACH M * /
BMiJl'Mi j . i i ;
AM(JI«(M(J.IIl-WIJ.III/ITANMII. 000011:
T a-o .iooo;  z( Jimo.o:
DO K«I TO s i :
ToTFO.IOOO:
/ *  DETERMINE VALUES FOR EACH W • /
M(J.KI"(AVIJI**TANHITIII48W(Jl:
IF (■(J.KI<O.I|(«(J.KI>I.OI THEN Z (J l» I :  END:
IF Z(JI*I.O TIEN PUT EDIT! «MODEL DOES NOT FIT* I (X( 141 .A( 1811:
PUT EDIT(«Mm..A*(J).«TANH(Tl4a .8V lJIIIXH2 I.AI2 I .FI6 . 3 I.A(8 I .F (S .
4 ) 1 :
PUT SKIP: end:
PUT S K I P ( 2 l :
PUT E D I T !  « E Q U A T I O N S ' l ( X  ( S I . A I 9 I I :
DO I > I  TO N - I :
DO j > 1 4 1  TO n :
0 0  K « I  TO S I :
/ *  D IFF ER EN CE SCORES CALCULATED FROM W EQUATIONS 4 /  
Q « a ( I . K I - M ( J . K | :
o ( i . j «k | s a b s ( o i :  END:
/ 4  DETERMINATION OF ESTIM ATED D IFFER EN CE EQUATIONS 4 /  
B i i . j i o D i i . j . i i :
R I I . J I m Q . O :
A I 1 . J I > ( 0 ( I . J « I I I - B ( I . J | } / ( T A N H ( I . O O O O I I :
/ 4  CALCULATION OF ESTIMATED DIFF ER EN C ES FROM OE EQUATIONS 4 /  
T M -O .IO O O :
DO K«1 TO S I :
T # T * 0 . 1 0 0 0 :
D E I I . J . K I ^ I A f I . J | 4 | T A N r f l T i 1 1 * 8 ( 1 . J l :
/ *  DETERMINATION OF WHETHER OR NOT MODEL F I T S  4 /
I F  D E I t . J . K K O . O  THEN R d . J I m I . O :
I F  DE( I .  J . K I > I . O  THEN R d . J I m I . O :
I F  ( D E ( t . J . K I - « < ( D ( I . J . K I * O . O O I l l I ( D E d . J . K I - . > ( O d . J . K } - O . O O I I I  
T I C N  R d . J I  m l . O :
END:
w
00
STMT l e v e l  n e s t
5 0
52
5 3  
S «
56
5 7
5 8
5 9
6 0  
61  
6 2  
6 3  
6 5  
6 7  
6 9  
7 1  
7 3  
7 5  
7 7  
7 9  
81 
8 2
8 4
85
23
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
4 
4
3
4  
3  
2
IF  R C I . J | < ^ 0  THEN DO:
PUT S K I P :
PUT E 0 I T ( > O * . I . J . ' - M O 0 E L  DDES NOT F I T ' K A I  I I . F (  1 ) . F (  1 1 . 4 ( 1 9 1 1  :  
E N o ;  d o :
PUT S K I P :
/ $  P R IN T  DIFFEREN CE EQUATIONS 4 /
PUT E 0 t T ( * O ' . I . J . » * . A | I . J l .  • T A N H ( T > 4 * . 8 ( 1 . 3 1 1  
( A l l l . F d l . F d l . A d  l . F ( 7 . 4 1 . A ( 8 1 . F (  5 . 4 1 1 ;
/ •  DETERMINE RELATIONS 4 /  
cswd.ii-wi 1.111:
G = H ( j . t i - w ( j . t i i ;
E=C4c;
c - A O S ( c i :
G4ABS(G1 I
I F  ( C < ( G * 0 . 0 0 0 5 1 1 8 ( 0 ( 0 - 0 . 0 0 0 5 I I  THEN C ^G I
I F  ( A l l . J K 0 . 0 0 0 2 1 8 ( A ( I . J l > - 0 . 0 0 0 2 1  THEN A ( I  . 3 1  « 0 . 0 0 0 0 1
I F ( ( E < 0 . 0 1 | ( C « C 1 1 C ( A ( I . 3 1 0 0 . 0 1  THEN N A H E « « N E - > :
EL S E  I F  ( ( E < 0 . 0 l i ( C « C ) 1 8 ( A d . 3 l > 0 . 0 0 1  THEN N A 4 E « * C H E F * ;
I F  ( ( E > « 0 . 0 1 8 ( A ( 1 . J K 0 . 0 1 1  THEN NAME»'SHA" :
I F  ( ( E > « 0 . 0 1 C ( A ( 1 . 3 1 7 0 . 0 1 1  THEN NAM Em 'C SM A':
I F  ( N A M E s 'S H A 'I I IN A M E a 'C S H A * 1 THEN 0 0 :
I F  O G  THEN PUT E O I T ( 3 . N A M E « l l ( X ( 4 1 . F ( l l . A ( 4 I . F ( l l l  ;
E L S E  PUT E D I T ( I . N A M E . 3 1 ( X ( 4 ) . F i l l . A ( 4 1 . F I 1  1 1 1  E N D :
e l s e  d o :
PUT E D I T I N A N E I ( X ( 4 1 . A ( 4 1 1 :  E N D :
ENO:
e n d ;  e n d :
w
VO
8 7
88
8 9
9 0
9 1
9 2
9 3
9 4
9 5
9 6
9 7
9 8
9 9
t o o
101
103
1 0 4
1 0 5
1 0 6
/ 4  P R IN T  OUT ALL VALUES I N  SIMULATION 4 /
PUT s k i p :
PUT E D I T : 'E X P E C T E D  V A L U E S '1 ( X ( 4 0 1 . A ( I S  1 11
PUT s k i p ;
PUT E D I T C T I M E '  K A d O l l :
Ts-o.sooo;
0 0  (= 1  TO 5 1  BY s :
1 T s T F O .S O O O :
1 PUT E D I T ( T I ( F ( 1 0 . 4 l l :
1 e n d ;
DO | » 1  TO n ;
1 PUT S K I P :
I  PUT E O l T C V ' . I . ' m ' K A d  l . F d l . X I T l . A d l i ;
1 0 0  3 « 1  TO 5 1  BY S ;
2  PUT E O I T IW I  1 . 3 1  l ( F d 0 . 4 1 l :
2  EN D : e n d ;
DO I « 1  TO N - i :
1 DO 3 « I 4 1  TO N :
2  PUT s k i p :
2  PUT E D I T ( ' D ' . l . 3 . ' « ' l ( \ ( l l . F ( l } . P d l . X ( 6 1 . A d l i :
STMT LEVEL NEST
1 0 7
100
1 0 9
110 
111 
112 
1 1 3  
1 1 5
1 1 7
1 1 8
1 1 9  
121 
122 
123 
12*
1 2 7
1 2 0
1 2 9
1 3 0
1 3 1
1 3 2
2  o a  Kml TO S I 87 s ;
3  PUT E 0 I T ( 0 I I > J « K ) I C F ( 1 0 t 4 l l :
3  END:
2  PUT S K I P :
2  PUT E 0 1 T C 0 E »  . l . J . ' m '  l ( * ( 2 l . r * l l . F ( l l . K ( S l . * ( l  I I :
2  0 0  K=1 TO S I  BV s :
3  PUT E O I T t O E t l . J > K l l l F < 1 0 > * l l ;  END;
2  E N D : e n d ;
S T A R T i :  GET s k i p :
/ *  READ I N  VALUES FOR I  COMBS # /
GET E D I T !  lAllFCin;
I F  lAmO THEN GO TO F I N E :
DO 1m l TO i a :
1 GET E D i r i l B I I l l l F l l l i ;
1 OO J s l  TO I B t t l :
2  GET E D I T I l C l l . ^ l M F t l l ) :  E N D : END:
/ #  DETERMINE MEANS FOR ICOMBS • /
0 0  I m t  TO i a :
1 OO Kml TO 5 1 :
2  A N d . K l m O . O :
2  DO j m i  TO I B : I I :
3  A N | | , K | m A N i I . K I * I M I  I C I I . J l . K I / I B I I l l :
3  E N D : e n d :  e n d :
o
1 3 5
1 3 6
1 3 7  
1 3 9  
1 6 0  
1 6 1  
1 6 2  
1 6 6
1 6 5
1 6 6  
1 6 7  
1 6 9
150
151
1 5 2  
155 
1 5 7  
IS O
1 5 9
1 6 0
/ #  REPEAT ABOVE PROCEDURES FOR IC 0 M 8 S -P R IN T 0 U T  I S  SAME * /
PUT PAGE;
PUT E D I T I « I N I T I A L  ICOHB V A L U E S * ! (X ( 5 1 . A ( 2 0 1 11
PUT E D I T !  "EQUATIONS FO R  EACH I  C O M B !  ( X I 151  . 6 ( 2 6 1 ) :  PUT S K I P :
OO J m l  TO I  A:
I  PUT E D I T ( 3 . * C 0 M B * 1 ( F ( I 1 , A ( 6 1 I :
1 OO 1=1 7 0  1 8 ( 3 1 :
2  PUT E D I T ( I C ( J . I ) l ( F ( l ) l :  END:
1 PUT E D I T ( A M I 3 . l l l ( X ( 5 - I 0 ( 3 l l . F ( 7 . 6 1 I :
1 S M ( J ) = A H ( J . 1 > :
I  A M ( J ) = ( A N ( J * I I 1 - A H ( J . 1 ) ) / ( T A N H ( 1 . 0 0 0 0 1 1 1
1 T — 0 . 1 0 0 0 :  2 ( 3 1 = 0 . 0 :
1 OO Kml TO 5 1 :
2  T = T 6 0 . 1 0 0 0 :
2  A M ( 3 . K l m ( A M ( 3 1 6 ( T A N H ( T l l l * B M ( 3 i :
2  I F  ( A M { 3 . K ) < 0 . ) | ( A M ( 3 . K ) > 1 . 0 1  THEN 2 ( 3 1 = 1 . :  END:
1 I F  2 ( 3 1 * 1 . 0  TIC N  0 0 :
2  PUT EO IT ("M O D E L  DOES NOT F I T ' I ( X ( 2 6 1 .  AI 1 8 1 1 :
2  PUT E O I T ( " M = " . A M ( 3 ) . " T 6 N H ( T l * " . 8 V ( 3 1 ) ( X ( 1 2 1 .  A I 2 1 . F ( 6 . 3 1 .  A( 8 ) .
2  F ( s . 6 1 i :  END: ELSE
1 P U T  E 0 I T ( " M « " . A t t ( 3 l . " T A N H ( T l » " . B V ( 3 l l ( X ( 2 6 1 .  A ( 2 1 . F ( 6 . 3 1 . A ( 0 1 .
F ( S . 6 ) l :
STMT LEVEL NEST
161 1 1 PUT s k i p :  e n d :
1 6 3 1 PUT S K I P I 2 I ;
I 6 « 1 PUT E O I T ( * E O U A T t a N S * ) f X t 5 ) tA ( 9 M :
I 6 S 1 DO I>1 TO l A - l :
16 6 1 1 OO j a l « l  TO i a ;
1 6 7 1 2 0 0  K a l  TO s i :
16 8 1 3 . O s A H l l . K l - A M C J . K I :
1 6 9 1 3 o c i . j « K ) > A 8 s c o > :  ENo;
171 1 2 b ( i . j >k d c i . j . i > :
17 2 1 2 R i i * j > s o . o :
1 7 3 1 2 A C l . J l s l O I I . J . l 1 I - B ( 1 . J I 1 / ( T A N H ( 1 . 0 0 0 0 ) l ;
17 * 1 2 T s - o . i o o o :
1 7 » 1 2 0 0  K«1 TO 5 1 ;
1 7 6 1 3 TsTAO.IOOO:
17 7 1 3 OEI I . J . K I ^ I A I I .  J ) * ( T A N H ( T > ) ) * B U . J ) :
17 8 1 3 I F  0E (  1 , J . K K O . O  THEN R ( : . J ) » 1 . 0 :
1 8 0 1 3 I F  D E t I > J . K » 1 . 0  THEN R I I . J ) > 1 . 0 I
1 8 2 1 3 IF  ( D E I I . J . K I - K I D I  1 . J * K ) * 0 . 0 0 1  ) ) | I O E < I * J t K > - . > ( D  1 1 . J . K I - 0 . 0 0 1 ) 1
1 8 3 1 3 THEN R ( l . J )  > 1 . 0 1
1 8 * 1 3 EK>:
1 8 5 1 2 I F  R t I . J ) - » 0  THEN 0 0 :
18 7 1 3 PUT s k i p :
1 8 8 1 3 PUT ED IT !  '  O ' .  I ,  «-MODEL DOES NOT F IT *  ) 1 AC 1 ) . F I  1 )  . F t  1 )« AI 1 9 )  11
1 8 9 1 3 e n d :  d o :
191 1 3 PUT s k i p :
19 2 1 3 PUT E 0 I T ( « 0 « * I » J . « > « . A C I . J l . « T A N H I T ) * « . B I I . J ) l  
I  A C D . F I  D . F C  D .A C  1 ) .F <  7 . * ) . A C 8 > .F (  5 , * >  ) ;
1 9 3 1 3 C > A M I t . l  l -AMI 1 . 1 1 ) :
19 * 1 3 G > A M C J .1 ) -A H C J .1 1 ) ;
1 9 5 1 3 E > c * e :
1 9 6 1 3 c b a b s c c ) :
1 9 7 1 3 CmABSCC):
19 8 1 3 I F  1 C < I C * 0 . 0 0 0 5 ) ) S I C X C - 0 . 0 0 0 5 ) )  THEN 0 6 1
2 0 0 1 3 I F  lA I  I . J ) < 0 . 0 0 0 2 ) S C A I I . J ) > - 0 . 0 0 0 2 )  THEN AI I . J ) > 0 .0 0 0 0 1
2 0 2 1 3 I F I I E < 0 . 0 ) | | C > G ) ) 6 I A I : . J ) < = 0 . 0 )  THEN NAME=«MEF«1
2 0 * 1 3 ELSE IF  I I E < 0 . 0 ) 1 I C > G ) ) S I A I I . J ) > 0 . 0 0 )  THEN NAME>«CHEF« :
2 0 6 1 3 I F  I I E > = 0 . 0 ) C I A I I . J X 0 . 0 ) )  THEN NAME='SHA«:
2 0 8 1 3 I F  I I E > 0 . a ) C I A C I . J ) > 0 . 0 ) )  THEN NAME>«CSHA«1
2 1 0 1 3 I F  |NAME>»SHA«I|INAME>«CSHA«) THEN 0 0 :
2 1 2 1 * I F  O C  THEN PUT EO IT I  J.NAME. I  ) C X I* ) . F I  1 ) .  A1 * ) . F 11 ) ) :
2 1 * 1 * ELSE PUT E O I T I I . N A M E . J U K I * ) . F I D , A l * ) . F | l  > )1 ENO:
2 1 8 1 3 ELSE 0 0 :
2 1 7 1 * PUT E O I T I N A M E ) I X l * I . A I * l ) :  ENO:
2 1 9 1 3 ENO:
2 2 0 1 2 EK>: ENO:
STMT LEVEL NESV
222
2 2 3
22*
2 2 S
22»
2 2 7
22»
2 2 9
2 3 0
2 3 1
2 3 2
2 3 3  
2 3 *  
2 3 5  
2 3 0
2 3 8
2 3 9  
2*0 
2*1 
2*2 
2 * 3  
2* *  
2 * 5  
2*8 
2 * 7  
2*8 
2 5 0
2 5 2
2 5 3  
2 5 5
PUT S K I P :
PUT E O IT I" E X P E C T E D  V A L U E S * I I X I * 0 > . A I I S l 1 1  
PUT S K I P :
PUT E O I T I ' T I M E  I I A I l O l l :
T m -O .S Q O O ;
DO | m |  TO 5 1  BV S :
1 T s T * O . S O O O :
1 . PUT E O I T C T t l F l l O . 4 1 ) }
1 e n d :
0 0  1 " :  TO I A :
1 PUT s k i p :
1 p u t  E D I T I * M « , I $  m I I A I I I . F I 1 I . X I 7 1 . A I 1 1 1 :
1 DO J « l  TO 5 1  BV 5 :
2  PUT E D I T I A N I I . J I l l F i l O * * ! ! :
2  ENO: END:
DO 1 - 1  TO l A - i :
1 0 0  J - ( * l  TO I A :
2  PUT s k i p :
2  PUT E D I T :  O . I . J . —  I I A I 1 * . F I 1 ) , F I  1 ) « K I 8 1 , A I I 1 1 :
2  0 0  K - 1  TO 5 1  BV 5 :
3  PUT E O I T I O I I . J . K l ) I F I 1 0 « * l l :
3  E K > :
2  PUT S K I P :
2  PUT E 0 I T I * 0 E « . 1 * J . * - * 1 I A I 2 I . F i l l . F i l l . X I 5 > . A i m :
2  OO K - 1  TO S I  BV 5 :
3  PUT E O I T I O E I I . J . K J I I F I I O . * } } :  ENO:
2  EM >: ENO:
CO TO s t a r t : :
F I N E S  c e t  S K I P :  GO TO ST A RT I 
eoj: ENO s i m p l e x :
to
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To avoid  hav in g  to  com pile th e  program each  tim e d a ta  was 
in p u t ,  an  o b je c t  module was c r e a te d .  Thus, s e v e r a l  ru n s  co u ld  be made 
w ith o u t c o m p ila tio n  each tim e .
Inpu t
I n s t r u c t io n s  fo r  cod ing  d a ta  to  be p la ced  in  th e  program a re  
c o n ta in e d  in  i l l u s t r a t i o n  2 . The r e s e a rc h e r  w ish in g  to  u se  th e  p ro ­
gram shou ld  re a d  th e se  in s t r u c t io n s  c a r e f u l ly .  E s s e n t i a l l y ,  v a lu es  a t  
tim e 0 and tim e 1 a re  coded , and ty p es  o f  i n t e r a c t  com binations then  
may be s p e c i f ie d .
S e v e ra l c r i t e r i a  w ere used to  d e te rm in e  w hat v a lu e s  to  be 
s im u la te d  a s  w e ll  as  th e  number o f c a se s  to  be v iew ed. F i r s t ,  v a lu es  
w ere s e le c te d  on th e  b a s is  o f  p o s s ib le  word index  sc o re s  based  upon th e  
c a te g o r ie s  found in  Appendix A. Based upon re s e a rc h  u t i l i z i n g  th e se  
c a te g o r ie s  (Cummings, 1970a, 1970b), v a r io u s  v a lu e s  ra n g in g  from 0 .0  
and 0 .5 0  w ere u sed . Because Cummings' d a ta  tended  to  show a c l u s t e r  o f  
v a lu e s  on most v a r ia b le s  betw een 0 .05  and 0 .3 5 , a m a jo r i ty  o f  th e  sim u­
la t io n s  co n ta in ed  v a lu e s  w ith in  t h i s  ra n g e . B esides  g ro s s e r  increm en ts 
such as 0 .5 ,  some v a lu e s  to  4 s ig n i f i c a n t  d i g i t s  w ere used to  check  th e  
accu racy  o f  th e  program  (0 .1654  fo r  exam ple)* . Second, th e  c r i t e r i a  
used to  d e te rm in e  how many s im u la tio n s  w ere " s u f f i c i e n t "  based  upon 
w hether o r n o t th e  a d d i t io n  o f  c a se s  produced any new in fo rm a tio n  o r
* S in ce  th e  u se  o f  f ix e d  dec im al numbers in  P L /I produces a 
t ru n c a t io n  e r r o r  o f  ap p ro x im ate ly  0.0001 when th e  tan h  fu n c tio n  i s  u sed , 
a to le ra n c e  f a c to r  o f  0 .0002 was w r i t t e n  in to  th e  program . Thus, v a lu es  
such as 0 .1654 and 0.1655 would be co n s id e re d  e q u a l . I t  w i l l  a l s o  be 
n o ted  th a t  th e  o th e r  e q u a tio n s  used produced s im i la r  t r u n c a t io n  e r r o r .  
T h is i s  d isc u sse d  more f u l l y  in  th e  n e x t  c h a p te r .
44
t r e n d s .  When s im u la tio n s  o f  c e r t a i n  com binations o f  v a lu e s  became 
re d u n d a n t, th e y  w ere e l im in a te d .  T h ird , In  a group o f  5 I n i t i a l  Index  
v a lu e s ,  com binations co u ld  be s p e c i f ie d  so  t h a t  a l l  In fo rm a tio n  on each 
dy ad , t r i a d ,  fo u r  member g roup , and any o th e r  com bination  o f  th e se  
co u ld  be o b ta in e d  from th e  program . H ence, s im u la tio n s  used  f o r  a n a l ­
y s i s  w ere a l l  based  upon 5 member g ro u p s . T h is  c r i t e r i a  was in  p a r t  
based  upon th e  Is su e s  r a is e d  above. I t  was q u ic k ly  found th a t  no new 
in fo rm a tio n  cou ld  be o b ta in e d  by s im u la tin g  v a lu e s  In  dyads w hich cou ld  
a s  e a s i l y  be s im u la te d  in  g roups o f  s iz e  5 .
Twelve s e t s  o f  v a lu e s  w ere s im u la te d  and 30 com binations w ere 
s p e c i f ie d  on each s e t  In  o rd e r  to  a s s e s s  w hat changes would occur in  
th e  b a s ic  r e l a t i o n s  when in d iv id u a ls  w ere combined w ith  o th e r s .  A f u l l  
s e t  o f  th e  com binations  I s  In c lu d e d  w ith  th e  l a s t  d a ta  s e t  In  
A ppendix D. In  g e n e r a l ,  th e s e  co m b in a tio n s  In c lu d e d  th e  fo llo w in g  
ty p e s : (1 ) P erso n  1, P erson  2 , P erson  3 ,  P ersons 4 and 5; Person  2 ,
P erson  3 , P erson  4 ,  P ersons 1 and 5 ; . . . ,  (2 ) P erson  1 , P erson  2 , 
P ersons 3 , 4 ,  and 5; P erson  2 , P erson  3 ,  P ersons 1 , 4 ,  and 5; . . .
(3 ) P ersons 1 and 2 , P ersons 3 , 4 ,  and 5; P ersons 2 and 3 ,  P ersons I ,
4 ,  and 5 ; . . . ,  and (4 ) P erson  1, P ersons 2 , 3 , 4 ,  and 5 ; Person  2 , 
P ersons 1, 3 , 4 ,  and 5 ; . . . .  The s e l e c t i o n  o f  b o th  Index  v a lu e s  and 
th e  number o f  com b in a tio n s  was b ased  on th e  u n iq u e  n a tu re  o f  In fo rm a tio n  
o b ta in e d  co n ce rn in g  th e  b a s ic  q u e s tio n s  a sk ed . D if f e r e n t  s im u la tio n s  
w ere run  u s in g  o th e r  v a lu e s  and com binations  to  a s s u re  th a t  no u n ique  
c a se  was m issed . A f te r  com parison  w ith  th e  above th re e  c r i t e r i a ,  th e  
12 s im u la tio n  c a se s  w ere r e ta in e d  as r e p r e s e n ta t iv e .
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O utput
O utpu t from th e  s im u la tio n  program  may be found in  A ppendix D. 
The 12 s e t s  o f  i n i t i a l  v a lu e s  a r e  a l l  r e p o r te d .  The 30 com binations 
run  on each  o f  th e se  s e t s  p ro v id ed  such a b u lk  o f  p r i n t - o u t ,  t h a t  a 
few o f  th e se  have been  in c lu d e d  fo r  th e  l a s t  c a s e  o n ly .
I n s t r u c t io n s  a r e  in c lu d e d  w ith  th e  exam ples to  f a c i l i t a t e  
r e a d in g  th e  p r i n t - o u t . In  g e n e r a l ,  in fo rm a tio n  re g a rd in g  th e  f i t  o f 
th e  m odel, p ro je c te d  r e l a t i o n s ,  and o b ta in e d  v a lu e s  i s  in c lu d e d .
As an  exam ple o f  th e  o u tp u t ,  th e  fo llo w in g  i l l u s t r a t i o n  may 
prove u s e f u l  to  th e  r e a d e r .  L e t us suppose th a t  th r e e  p erso n s  a re  
in v o lv ed  in  a com m unication i n t e r a c t i o n :  B i l l ,  John , and Sue*. L et
us a l s o  suppose t h a t  e m p ir ic a l v a l id a t i o n  o f  th e  model f o r  t h i s  s i t u a ­
t io n  h a s  shown th a t  a tim e i n t e r v a l  o f  1 i s  e q u iv a le n t  to  1 h o u r. 
Suppose t h a t  i t  has  a l s o  been found th a t  n e g a t iv e  v e rb s  tend  to  be a 
c a te g o ry  w hich f i t  th e  m a th em a tic a l m odel. Through p r e - t e s t i n g  o f  th e  
in d iv id u a ls  in v o lv ed  in  t h i s  s i t u a t i o n ,  i t  h a s  been  found th a t  B i l l  
n o rm a lly  h as  an index  v a lu e  on t h i s  c a te g o ry  o f  0 .0 ,  t h a t  i s ,  he u ses 
p r a c t i c a l l y  no n e g a t iv e  v e rb s ; John  h as  an i n i t i a l  v a lu e  o f  0 .1 ,  and 
Sue a v a lu e  o f  0 .2 .  F or conven ien ce  in  r e s e a r c h ,  an  hou r I s  su b ­
d iv id e d  in to  10 eq u a l i n t e r v a l s  o f  6 m in u te s . Now suppose t h a t  a f t e r  
an h o u r th e  l a s t  s ix  m inu te  i n t e r v a l  p roduces th e  fo llo w in g  in d ex  
v a lu e s  f o r  th e  p a r t i c ip a n t s  : B i l l ' s  v a lu e  i s  now 0 .1 ;  John i s  now a t
0 .1 5 ; and Sue now has a v a lu e  o f  0 .2 0 .
*D ata f o r  t h i s  i l l u s t r a t i o n  may be found in  ca se  12 o f
Appendix D.
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I n s e r t in g  th e  v a lu e s  o b ta in e d  e m p ir ic a l ly  above, th e  model
would produce th e  fo llo w in g  e x p la n a to ry  e q u a tio n s  f o r  each p a r t i c ip a n t :
B i l l -  W = 0.131 tanh (t)+ 0 .0  
John- W = 0 .0 6 6 tan h (t)+ 0 .1 
Sue -  W=0.000 ta n h ( t ) + 0 .2
The s i m i l a r i t y  (o r  d i f f e r e n c e  e q u a tio n s  as  produced by th e  model) would
be as fo llo w s :
B il l - J o h n  D =-0.0655ta n h ( t ) + 0 .1 
B il l-S u e  D = -0 .1311tanh(t)-H ).2  
John-Sue D = -0 .0 6 5 6 tan h (t)+ 0 .1
N oting  th e  c r i t e r i a  f o r  th e  d i f f e r e n t  r e l a t i o n s  ( th e  re a d e r  
may v e r i f y  th e se  h im s e lf ) ,  th e  fo llo w in g  r e l a t i o n s  would em erge*:
1. John Sha B i l l
2 . Sue Sha B i l l
3 . Sue Sha John
These r e l a t i o n s  a re  graphed in  i l l u s t r a t i o n  3 .
I t  can  be seen  in  t h i s  i l l u s t r a t i o n  th a t  i f  r e l a t i o n s  3 and 1 
w ere known o n ly  from th e  i n t e r a c t io n  o f  th e se  two dyads by th e m se lv e s , 
th en  r e l a t i o n  2 cou ld  be p re d ic te d  by th e  t r a n s i t i v e  p ro p e r ty  o f Sha;
I t  w i l l  be seen  in  th e  fo llo w in g  c h a p te r  th a t  such p r e d ic t io n s  a re  
much more d i f f i c u l t  when o th e r  ty p es  o f  r e l a t i o n s  em erge. The fu tu re  
developm ent o f  a method fo r  d e a l in g  w ith  such s i tu a t io n s  i s  d isc u sse d  
in  C hapter V. The i l l u s t r a t i o n  p re se n te d  h e re  sh o u ld  p ro v id e  th e  
re a d e r  w ith  knowledge o f  th e  p ro cess  th rough  w hich th e  model d e s c r ib e s
*The re a d e r  may n o te  a s i m i l a r i t y  betw een th e se  r e l a t io n s  
and le a d e rs h ip  c h a r a c t e r i s t i c s  such a s  tho se  d e sc r ib e d  in  th e  
Lashbrook and Bodaken (1969) PROANA-5 system . The r e l a t i o n s  d e sc r ib e d  
above may p ro v id e  a  more p r e c i s e  o p e r a t io n a l iz a t io n  o f  th e se  k in d s  o f  
c h a r a c t e r i s t i c s .  O ther such a re a s  a re  d isc u sse d  in  C hapter V.
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and p r e d ic ts  c e r t a in  r e l a t i o n s  when a t  l e a s t  two v a lu e s  a re  known f o r  
each p a r t i c ip a n t  in  th e  com m unication in t e r a c t io n .
CHAPTER IV
RESULTS
R e s u lts  o f  th e  s im u la tio n  p ro v id ed  a p le th o ra  o f  in fo rm a tio n  
re g a rd in g  the  q u e s tio n s  posed in  th e  p rev io u s  c h a p te r .  No c la im  can be 
made th a t  every  s in g le  p o s s ib le  c a s e  was s im u la te d  as t h i s  would have 
produced f a r  too  many volumes o f  p r in t o u t .  However, u t i l i z i n g  th e  p ro ­
cedu re  o u t l in e d  in  th e  p re v io u s  c h a p te r ,  th e  12 d a ta  s e t s  p ro v id ed  
s u f f i c i e n t  in fo rm a tio n  to  e s t a b l i s h  some answ ers to  th e  q u e s t io n s .
Q u estion  1. What p o s s ib le  c o n d i t io n s  w i l l  th e  
system  n o t d e s c r ib e  a c c u ra te ly ?
The c r i t e r i a  f o r  d e te rm in in g  w hether o r  n o t  th e  model f i t  was 
as  fo llo w s : (1) th e  e s tim a te d  d i f f e r e n c e  e q u a tio n s  co u ld  produce no
v a lu e  g r e a te r  th an  1 .0  o r  le s s  th a n  0 .0 ,  and (2) th e  word index  equa­
t io n s  co u ld  produce no v a lu e  g r e a t e r  th an  1 .0  o r  le s s  th an  0 .0 .  I t  w i l l  
be observed  th a t  th e  c r i t i c a l  e lem en t fo r  d e te rm in in g  th e se  e q u a tio n s  
was th e  tim e p o in t  1. As ex p e c te d , some c a se s  w ere s im u la te d  in  w hich 
i n i t i a l  and su b seq u en t word indexes w ere so  d is p a r a te  th a t  v a lu e s  fo r  
th e  indexes a t  tim e p o in ts  3 , 4 , o r  5 exceeded 1 .0  o r  w are le s s  th a n
0 .0 .  An example o f  th i s  may be se e n  in  i l l u s t r a t i o n  4 . S u g g es tio n s  
fo r  d e a lin g  w ith  th e se  k in d s  o f  s i t u a t i o n s  in  e m p ir ic a l  d a ta  a r e  d i s ­
cussed  in  th e  n e x t c h a p te r .
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I n i t i a l  Index V alues E q u a tio n s
The e q u a tio n  f o r  does n o t h o ld  becau se  i t  s u p p lie s  
v a lu e s  g r a te r  th a n  1 . 0
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Index  E qu atio n s DE E q u a tio n
The DE e q u a t io n  does n o t h o ld  becau se  i t  s u p p l ie s  
v a lu e s  f o r  DE g r e a t e r  th a n  1 .0
I l l u s t r a t i o n  4 . -  Examples o f  E q u a tio n s  f o r  Which th e  M odels
Do Not F i t
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The m ost unu su al f in d in g  o f  th e  s im u la tio n s  concerned  c a se s  
in  which th e  e s tim a te d  d i f f e r e n c e  eq u a tio n s  produced v a lu e s  le s s  th a n
0 .0 .  This o c c u rre d  o n ly  when word index  e q u a tio n s  " c ro s se d  each o th e r"  
o r more s p e c i f i c a l l y ,  when f o r  some t  g r e a te r  th an  0 and le s s  than  5,
1. At tq < t ,  Wg>W|j.
2 . A t t ,  Wg=w^.
3 . A t t ^ t ,  Wg<W{^ . (See i l l u s t r a t i o n  5)
A gain th e  tim e u n i t  o f  1 p la y s  an e s s e n t i a l  r o le  in  a n a ly z in g  th i s  c a s e . 
I t  was found t h a t  when th e  indexes were eq u a l a t  a p o in t  in  tim e g r e a te r  
th an  1 , th e  a b s o lu te  v a lu e  o f  th e  d i f f e r e n c e  e q u a tio n  eq u a led  th a t  of 
th e  computed d i f f e r e n c e  betw een th e  index  e q u a t io n s .  The ch o ice  o f 
tim e u n i t  f o r  d e te rm in in g  th e  d i f f e r e n c e  e q u a t io n s ,  th u s ,  becomes v e ry  
im p o r ta n t. The e x is te n c e  o f  "c ro sse d  e q u a tio n s"  in  a number o f  c a se s  
(See Appendix D) in d ic a te s  th e  n e e d , p e rh a p s , f o r  an a d d i t io n a l  s e t  of 
d e f in i t i o n s .  P erhaps two new r e l a t i o n s ,  S h ap e-C oun ter-shape  (ShaCSha), 
and M utual e f f e c t -C o u n te r  m u tual e f f e c t  (MefCMef), a r e  n e c e s s a ry . The 
p o s s i b i l i t i e s  o f  th e s e  r e l a t i o n s  a re  d is c u s se d  in  th e  n e x t c h a p te r .
Q u estio n  2 . G iven c e r t a i n  in d iv id u a l  r e l a t i o n s  w ith in
n-member g ro u p s , w hat ty p e s  o f  r e l a t i o n s  emerge when
in d iv id u a l  s c o re s  a re  combined?
I t  was observed  in  th e  numerous com binations o f  th e  12 d a ta  
s e t s  t h a t  an in d iv id u a l  m igh t change h is  r e l a t i o n  w ith  o th e r  in d iv id u a ls  
by com bining w ith  a n o th e r  o r  some group o f th e s e  in d iv id u a l s ,  f o r  
exam ple, A C o u n te r-M u tu a lly  e f f e c t s  B (A CMef B) and B C oun te r-M u tu a lly  
e f f e c t s  C (B CMef C ); BC Shapes A (BC Sha A ). Though th e  program  cou ld  
compute a l l  com binations  th a t  an  in d iv id u a l  m ight make, no d i s c e r n ib le  
r u le s  seemed to  h o ld  w ith o u t go ing  th rough th e  e n t i r e  s im u la tio n  p ro c e ss .
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Word Index  E quations
0 5 .
i.o
DE E q u a tio n
I l l u s t r a t i o n  5 . -  Example o f  DE E quation  Less Than 0.
\
53
However, a method f o r  p lo t t in g  th e s e  r e l a t i o n s  w ith in  a group was
d ev e lo p ed . This method to g e th e r  w ith  p ro sp e c ts  fo r  a more r ig o ro u s
L'et o f  s ta te m e n ts  which d e a l w ith  th e s e  com binations i s  p re se n te d  in
th e  n e x t c h a p te r .
Q u es tio n  3 . What p o s s ib le  s i t u a t i o n s ,  i f  an y , c o n t r a d ic t  
axioms o r  theorem s w ith in  th e  system ?
Two axioms w ith in  th e  system  w ere found n o t to  ho ld  in  the
s im u la t io n s .  These in c lu d ed  th e  t r a n s i t i v e  p r o p e r t i e s  f o r  th e  Mef
r e l a t i o n  and th e  t r a n s i t i v e  p r o p e r t ie s  f o r  th e  CMef r e l a t i o n .  The
s u b s t i t u t i o n  f o r  th e se  axioms may be found in  th e  n e x t s e c t io n .  Each
i s  s t a r r e d  (* ) .
Q u estio n  4 . What new theorem s o r  axioms can  be developed 
from th e  s im u la tio n  w hich concern  com binations o f  th e  
d e f in e d  r e l a t io n s ?
The fo llo w in g  s ta te m e n ts  w ere developed  from th e  s im u la tio n ;  
no c o n t ra d ic to r y  ca ses  w ere found . They may be added to  th e  ax io m atic  
system  a s  e i t h e r  theorem s o r axioms depending upon w h eth er th e y  a re  
d e r iv a b le  a n a l y t i c a l l y  o r n o t .
1. I f  Q, M, 0 a re  i n t e r a c t  com binations and s u b se ts  o f P, 
then  i f  Q Sha M and M Mef 0 , th e n  any o f th e  fo llo w in g  may 
h o ld :
1. Q Mef 0
2 . Q CMef 0
3 . Q Sha 0
4 . Q CSha 0
2 . I f  Q Sha M and M CMef 0 th en  (1) Q CSha 0 o r (2) Q CMef 0,
3. I f  Q Sha M and M CSha 0 then  (1) Q CSha 0 o r (2 ) Q Sha 0 .
4 .  I f  Q CSha M and M Sha 0 th e n  (1 ) Q CSha 0 o r (2 ) Q Sha 0 .
5. I f  Q CSha M and M Mef 0 th en  (1 ) Q Mef 0 o r (2 ) Q Sha 0 .
6 . I f  Q CSha M and M CMef 0 then  any o f  th e  fo llo w in g  may 
h o ld :
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1. Q Mef 0
2 . Q CMef 0
3 . Q Sha 0
4 . Q CSha 0
7 . I f  Q Mef M and M CSha 0 then  any o f  th e  fo llo w in g  may 
h o ld :
1. Q Mef 0
2 . Q CMef 0
3 . Q Sha 0
4 . Q CSha 0
8 . I f  Q Mef M and M CMef 0 th en  any  o f  th e  fo llo w in g  may h o ld :
1. Q Mef 0
2 . Q CMef 0
3 . Q Sha 0
4 .  Q CSha 0
*9 . I f  Q Mef M and M Mef 0 th en  any  o f  th e  fo llo w in g  may h o ld :
1. Q Mef 0
2 . Q CMef 0
3 . Q Sha 0 o r
4 .  0 Sha Q b u t n o t b o th .
5 . Q CSha 0 o r
6 . 0 CSha Q b u t n o t b o th .
10. I f  Q Mef M and M Sha 0 th e n  any o f  th e  fo llo w in g  may h o ld :
1. Q Mef 0
2 . Q CMef 0
3 . Q Sha 0
4 . Q CSha 0
11. I f  Q CMef M and M Mef 0 th e n  any o f  th e  fo llo w in g  may h o ld :
1. Q Mef 0
2 . Q CMef 0
3 . Q Sha 0
4 . Q CSha 0
*12 . I f  Q CMef M and M CMef 0 th en  any o f  th e  fo llo w in g  may 
h o ld  :
1. Q CSha 0 o r
2 . 0 CSha Q b u t n o t b o th .
3 . Q Mef 0
4 .  Q Sha 0
13. I f  Q CMef M and M CSha 0 th en  (1 ) Q CMef 0 o r (2) Q Mef 0
14. I f  Q CMef M and M Sha 0 then  any  o f  th e  fo llo w in g  may h o ld :
1 . Q Mef 0
2 . Q CMef 0
3 . Q Sha 0
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I t  i s  p ro b ab le  th a t  many o f  th e  s ta te m e n ts  above co u ld  be
d e riv e d  from th e  d e f in i t i o n s  and theorem s in  th e  ax io m a tic  system .
However, th e  s im u la tio n  has l im ite d  th e  number o f  p o s s i b i l i t i e s .  A
b r i e f  look a t  some o f  th e  s ta te m e n ts  in d ic a te s  t h a t  p ro o fs  fo r  some o f
th e se  theorem s would indeed  be q u i te  la b o rio u s  and d e t a i l e d .
I t  sh o u ld  a l s o  be n o ted  th a t  th e  t r a n s i t i v e  r e l a t i o n s  o f  Sha
and CSha h e ld  th ro u g h o u t th e  s im u la t io n s .  I t  may a l s o  be p o s s ib le  to
change th e se  axioms to  theorem s th rough  a n a ly t ic  means.
Q u estio n  5 . G iven i n i t i a l  index  o r co m b in a tio n  v a lu e s ,  
a re  th e r e  o th e r  e q u a tio n s  w hich f i t  b e t t e r  th a n  th e  tanh  
f une t  ion  ?
Two o th e r  e q u a tio n s  w ere u t i l i z e d  b e s id e s  th e  tan h  fu n c tio n  in  
th e  s im u la t io n s .  These in c lu d e d : (1 ) t  /  t+1 and (2) 1 - e"*". In
u s in g  th e s e  e q u a t io n s ,  i t  was f e l t  t h a t  each would o f f e r  an  a l t e r n a t i v e  
to  th e  t a n h ( t )  fu n c t io n  and a t  th e  same tim e m a in ta in  th e  same b a s ic  
cu rv e  d e s ir e d  in  th e  sy stem . Each e q u a tio n  produced  d i f f e r e n t  v a lu e s ,  
though fo r  most c a s e s ,  a change in  th e  tim e p a ra m e te r  c r e a te d  isom or­
ph ic  v a lu e s .  There w ere a few c a se s  f o r  each o f  the  a l t e r n a t i v e  equa­
t io n s  in  which th e  tan h  fu n c t io n  a t  tim e  p o in t  1 f i t  and th e y  d id  n o t .  
No case  was found in  w hich e i t h e r  o f  th e  a l t e r n a t i v e  e q u a tio n s  f i t  and 
th e  t a n h ( t )  fu n c t io n  d id  n o t .  T ru n c a tio n  e r r o r  up to  0 .0002  o ccu rred  
u s in g  a l l  e q u a t io n s .  T h is was p ro b ab ly  due to  th e  f ix e d  decim al 
n a tu re  o f  th e  d a ta  d e c la r a t io n  w i th in  th e  program .
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Summary
In  g e n e r a l ,  r e s u l t s  o f  th e  s im u la tio n  in d ic a te d  th a t  (1) 
u n iq u e  c a se s  a r e  d i r e c t l y  r e l a t e d  to  c h o ic e  o f  tim e p a ram e te r f o r  th e  
e s tim a te d  e q u a t io n s ,  (2 ) r u le s  f o r  p r e d ic t in g  com b in a tio n s  o f  in d iv id ­
u a ls  w i l l  be r e l a t e d  to  th e  ty p e  and m agnitude o f  th e  r e l a t i o n  in v o lv e d ,
(3 ) two o f  th e  axiom s w ith in  th e  system  a r e  f a l s e ,  i . e . ,  th e  t r a n s i t i v e  
p ro p e r ty  f o r  M utual E f f e c t  (Mef) and C oun ter-M utual E f f e c t  (CMef),
(4) s u b s t i tu t io n s  may be made f o r  th e  f a l s i f i e d  axiom s and 12 a d d i­
t i o n a l  s ta te m e n ts  may be  added to  th e  system  a s  e i t h e r  axiom s o r 
th eo rem s, and (5 ) th e  tanh  fu n c tio n  ap p e a rs  a t  p re s e n t  to  be th e  m ost 
a p p ro p r ia te  e q u a tio n  f o r  use in  th e  sy stem .
CHAPTER V 
SUMMARY AND DISCUSSION
The g u id in g  p r in c ip le  o f t h i s  s tu d y  has been th e  need fo r  an 
approach  to  language b e h a v io r  in  com m unication which e n t a i l s  th e  con­
c e p t o f  p ro c e s s .  Based upon the  d o u b tfu l a b i l i t y  o f p rev io u s  c o n s tru c ts  
to  d e a l w ith  p ro c e s s ,  an ax io m atic  system  was developed  to  form the  
b a s is  o f a th e o ry  w hich would combine b o th  s t r u c t u r a l  and fu n c t io n a l  
co ncerns in  language . As a  p rim ary  s te p  in  th e  developm ent o f th i s  
sy stem , a s im u la tio n  program  was developed  and ru n  on v a r io u s  com bina­
t io n s  o f  v a lu es  in  o rd e r  to  f u r th e r  s p e c ify  and t e s t  th e  in t e r n a l  
v a l i d i t y  o f th e  system . The su ccess  o r  f a i l u r e  o f t h i s  s im u la tio n  m ust 
be judged in  r e l a t i o n  to  th e  c r i t e r i a  and q u e s tio n s  r a i s e d  in  C hapter
I I I .
There appear to  be a t  l e a s t  fo u r  s p e c i f i c  a re a s  which w a rra n t 
d is c u s s io n  in  t h i s  c h a p te r :  The f i r s t  co ncerns a d a p ta tio n s  and r e ­
finem en ts  in  th e  b a s ic  ax io m atic  system  a s  a r e s u l t  o f  th e  s im u la tio n . 
T h is in c lu d e s  a d is c u s s io n  o f  p ro ced u res  f o r  adding s ta te m e n ts  to  the 
system . The second a re a  concerns th e  e m p ir ic a l v a l i d i t y  o f th e  system  
w h ile  th e  t h i r d  i s  concerned  w ith  th e  r e l a t i o n  betw een th e  system  and 
v a r ia b le s  w hich concern  s im i la r  c o n c e p ts . The fo u r th  a re a  concerns th e  
o p e ra t io n  o f th e  system  in  th e  b ro a d e r  c o n te x t  o f  s o c ia l  and c u l tu r a l  
sy stem s. These a re a s  p ro v id e  s p e c i f i c  g u id e lin e s  fo r  th e  developm ent 
o f  th e  system  in  any f u tu r e  r e s e a r c h .
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A d ap ta tio n s  o f  th e  System
In g e n e r a l ,  the  s im u la tio n  was q u i te  s u c c e s s fu l  in  c l a r i f y in g
some o f  th e  b a s ic  co n cep ts  o f  th e  system  and p ro v id in g  p aram eters  fo r
a d a p ta t io n .  Based upon th e  r e s u l t s  o f th e  s im u la tio n , th e  fo llo w in g
changes seem n e c e ss a ry :
F i r s t ,  s p e c i f i c a t i o n  o f  two new d e f in i t i o n s  seem in  o rd e r
based upon the o ccu rren c e  o f  th e  c a se  DE<0. M a th em a tica lly , th e se  may
be ex p re ssed  as fo llo w s  :
D e f in i t io n  16. L e t Q6 P, MSP, Dq^ and Sq^ d e f in e d  fo r  
every  t«T . Q MefCMef M means by d e f in i t i o n  th a t  the  
fo llo w in g  c o n d itio n s  h o ld :
1. Dqjj = I A ta n h ( t)  +B| , A<0.
2 . For one and o n ly  one Dqw=0.
3 . Ac^q*6 C(.^<0 f o r  some t  and > 0  f o r  any t ,  
o r  |ac^q | = |AC{^| f o r  every  t .
4 .  C q=aj^tanh(t) + bj  ^when t< t^  .
5 . c ^ = a g ta n h ( t)  + bg when t c t ^ .
6 . Cq=a2 t a n h ( t )  + b£ when t^ t^  and c^=a2 tanh (t)+ b ]^ , o r
7 . Cj^=aj^tanh(t) +  bj  ^when tk t^  and Cq=a2 ta n h ( t)+ b 2
D e f in i t io n  17. L et QGP, MSP, Dq^ and Sq^ d e f in e d  fo r  
ev e ry  tfeT. Q ShaCSha M means by d e f in i t i o n  th a t  th e  
fo llo w in g  c o n d it io n s  h o ld :
1. Dq^ = 1 A ta n h ( t)+ B |, A<0.
2 . For one and o n ly  one t ^ > 0 ,  Dqy^O.
3 . ACj.q*ACj.j^O f o r  ev e ry  t 6 T.
4 . | a c ^ ^ I> U c^q | fo r  some |a c ^ |< (^ |a c ^ q | fo r  any t .
5 . C o n d itio n s  4 ,  5 , and 7 in  d e f i n i t i o n  16 h o ld .
These d e f in i t i o n s  a re  isom orph ic  w ith  the  f in d in g s  o f  th e  s im u la tio n . 
The MefCMef r e l a t i o n  b a s i c a l l y  in d ic a te s  th a t  th e  in d iv id u a ls  in v o lv ed  
m u tu a lly  e f f e c t  one a n o th e r  to  g a in  s im i l a r i t y  up to  a p o in t in  tim e , 
b u t th en  m u tu a lly  e f f e c t  each  o th e r  to  g a in  d i s s i m i l a r i t y  t h e r e a f t e r .  
The ShaCSha r e l a t i o n  e s s e n t i a l l y  in d ic a te s  t h a t  one in d iv id u a l  i s  
r e s p o n s ib le  fo r  sh ap in g  tow ard s i m i l a r i t y  and th en  a t  some p o in t in
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tim e , r e s p o n s ib le  f o r  c o u n te r-sh a p in g  tow ard d i s s i m i l a r i t y .  As was
n o ted  in  th e  r e s u l t s  s e c t io n ,  th e  e q u a tio n  fo r  th e  e s tim a te d  d i f f e r e n c e
d id  n o t f i t  a c tu a l  d i f f e r e n c e s  u n le ss  th e  two index  sc o re s  became eq u a l
a t  some p o in t beyond th e  tim e u n i t  used to  d e term ine  th e  e q u a t io n s .  To
so lv e  t h i s  problem  in  r e l a t i o n  to  the  two d e fin e d  r e l a t i o n s ,  a sim ple
theorem  may be used ;
Theorem 11. I f  e i t h e r  th e  ShaCSha o r MefCMef r e l a t i o n  
h o ld s ,  th e n  i f  Cq=C]  ^ a t  tim e t«., th en
Dqm I( 1 t a n h ( t )  + b | .
'V t a n h ( t „ ) j
P ro o f: L et t^ be th e  tim e p o in t  a t  w hich Cq=c^.
Then Dqjj a t  = 0 s in c e  th e  d i f f e r e n c e  a t
th a t  p o in t  i s  0 .
H ence, 0= A tanh(t^) + B.
Thus ^  _ -B ,
t a n h ( ^ )  
and th e  theorem  fo llo w s .
This p ro v id es  a co n v en ien t means o f  d e te rm in in g  th e  d i f f e r e n c e  equa­
t io n s  w ith  p o in ts  known. A gain , th e  s p e c i f i c  tim e p a ram ete rs  to  be 
used in  a c tu a l  r e s e a rc h  may a f f e c t  p ro ced u res  th ro u g h o u t th e  system .
The second a re a  in  w hich a d a p ta t io n  o f  th e  a x io m a tic  system  
seems n e c e ssa ry  i s  in  some o f  th e  axiom s. I t  was found th a t  bo th  
axioms r e l a t i n g  to  th e  t r a n s i t i v e  p r o p e r t ie s  o f  Sha and CSha h e ld ,  b u t 
th e  t r a n s i t i v e  p r o p e r t i e s  fo r  Mef and CMef d id  n o t .  I t  was f o r tu n a te  
th a t  n e i th e r  o f  th e se  axioms was n e c e ssa ry  f o r  any o f  th e  theorem s or 
l a t e r  d e f in i t i o n s  w i th in  th e  sy stem . As su ch , th e  s u b s t i tu t io n s  fo r  
th e se  axioms w ith  th e  f in d in g s  re p o r te d  in  th e  r e s u l t s  s e c t io n  may be 
made. In a d d i t io n  to  th e se  chan g es, each o f  th e  o th e r  12 s ta te m e n ts  
d e se rv e  in c lu s io n  in  the  a x io m a tic  sy stem . In f u r th e r  lo g ic a l  d ev e lo p ­
ment o f  th e  th e o ry , s p e c i f i c a t io n  o f  which o f  th e se  s ta te m e n ts  a re  
axioms and w hich a r e  theorem s shou ld  be made.
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The t h i r d  a re a  in  w hich th e  a x io m a tic  system  may be adap ted  
co n ce rn s  th e  manner in  w hich d i f f e r e n t  co m b in a tio n s  o f  in d iv id u a ls  may 
change th e  r e l a t i o n s  in v o lv e d . As was n o ted  in  th e  r e s u l t s  s e c t io n ,  no 
d i s c e r n ib le  r u le s  w ere g e n e ra te d  by th e  a n a ly s i s  o f  th e  s im u la tio n .
The s im u la tio n  d id ,  how ever, p ro v id e  a new d a ta  s e t  w hich shou ld  p ro ­
v id e  a t e s t  o f  any r u le s  d ev e lo p ed . I t  was q u ic k ly  found th a t  any s e t  
o f  r u le s  govern in g  th e  com binations o f  in d iv id u a ls  would have to  i n ­
c lu d e  a r a th e r  complex m a th em a tic a l fo rm u la tio n . I t  may be no ted  th a t  
th e  "a"  v a lu e s  in  each  word index  and icomb e q u a tio n  r e p r e s e n t  a degree  
o f  change fo r  t h a t  s e t .  The "A" v a lu e  in  th e  d i f f e r e n c e  e q u a tio n s  a ls o  
r e p r e s e n ts  a d eg ree  o f  change . I t  would seem n e c e ss a ry  in  any form u­
l a t i o n  o f  r u le s  fo r  com bining in d iv id u a ls  to  acc o u n t f o r  th e se  deg rees  
o f  change as w e ll  a s  th e  d i r e c t i o n  o f  t h a t  change . Perhaps a r u le  
w hich a s s e s s e s  each  r e l a t i o n  an in d iv id u a l  h as  w ith  a l l  o th e r  i n d i ­
v id u a ls  in  term s o f  th e  d i r e c t i o n  and m agnitude o f  each  r e l a t i o n  w i l l  
p rove f r u i t f u l .  Then a m easure o f  "power o f  sh ap in g "  o r  "deg ree  o f mef" 
m igh t be e s ta b l i s h e d .
To a id  in  th e  developm ent o f  th e s e  r u l e s ,  a method o f g rap h in g  
group r e l a t i o n s  was d ev e lo p ed . An exam ple o f  t h i s  method may be seen  
in  i l l u s t r a t i o n  6 . U sing th i s  m ethod, th e  r e s e a rc h e r  may s p e c ify  th e  
d is ta n c e s  betw een in d iv id u a ls  a t  tim e 0 , th e n  th e  r e l a t i o n s  and d i s ­
ta n c e s  a t  tim e n . An example o f  an  icomb r e l a t i o n  i s  a ls o  shown in  
i l l u s t r a t i o n  6 .
The g rap h s in  i l l u s t r a t i o n  6 a r e  ta k e n  from one o f  th e  c a se s  
in  Appendix D. The p ro ced u re  f o r  g rap h in g  icomb r e l a t i o n s  in v o lv es  th e  
fo llo w in g :
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0 . 0  
0 ) _ Z M ^ 0
B asic  R e la tio n s Time 0
Time 2 Icomb Time 2
I l l u s t r a t i o n  6 . -  Examples o f  Icomb A n a ly s is .
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1. A t tim e 0 , s t r a i g h t  l in e s  betw een in d iv id u a ls  w ith  
i n i t i a l  d is ta n c e s  s p e c i f i e d .
2 . S p e c i f ic a t io n  a t  tim e n o f  th e  r e l a t i o n  and th e  
d is ta n c e s  betw een in d iv id u a ls  a t  th a t  tim e.
3 . For any co m b in a tio n , s p e c i f i c a t io n  o f th e  r e l a t i o n  
and d is ta n c e s .
The v a lu e s  used in  g rap h in g  th e  r e l a t i o n s  may be taken  d i r e c t l y  from 
th e  com puter p r i n t - o u t ,  o r  in  a c tu a l  d a ta ,  from th e  v a lu e s  o b ta in e d .
W ithout knowing th e  a c tu a l  r u le s  fo r  com binations o f  
in d iv id u a ls ,  icomb a n a ly s is  p ro v id e s  a means o f  g rap h in g  th e  p ro je c te d  
r e l a t i o n s  based  on th e  s im u la tio n  program . H ence, th e  r e s e a r c h e r  may 
ta k e  i n i t i a l  v a lu es  in  h is  d a t a ,  g raph  th e se  v a lu e s ,  s p e c ify  what com­
b in a t io n  o f  in d iv id u a ls  h e  w ish es  to  s tu d y  in  th e  program , and graph 
th e  p ro je c te d  r e l a t i o n s  and d is ta n c e s  p rov ided  by th e  com puter program . 
As su ch , th e  s im u la tio n  program  and icomb a n a ly s i s  p ro v id e  a t  l e a s t  a 
means o f  a s s e s s in g  s p e c i f i c  c a se s  u n d er c o n s id e ra t io n .
The f u l l  developm ent o f  icomb a n a ly s is  may n e c e s s i t a t e  a 
th re e -d im e n s io n a l model in  w hich a v i s u a l  m easure o f  th e  d is ta n c e s  
betw een in d iv id u a ls  may be p ro d u ced . As more e m p ir ic a l ev id en ce  is  
added to  th e  ax io m a tic  sy stem , p lo t s  o f  changes in  r e l a t i o n s  over tim e 
may be d is c e rn e d ,  such as ShaCSha, o r  in s ta n c e s  in  w hich many r e l a t i o n s  
can  be d e f in e d  f o r  in d iv id u a ls  over tim e .
In  o rd e r  to  acco u n t and p r e d ic t  r e l a t i o n s  betw een in d iv id u a ls ,  
i t  w i l l  be n e c e ss a ry  to  develop  c o m b in a to r ia l r u le s  w hich work in  a l l  
s i t u a t io n s  in v o lv in g  groups o f  s iz e  2 to  n .  S ince  th e  s im u la tio n  has 
p ro v id ed  b o th  a d a ta  s e t  and a program  w hich may be used in  s p e c i f i c  
s i t u a t i o n s ,  any r u le s  w hich a re  developed  may be t e s t e d .
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E m p iric a l V a lid i ty  
The m ajor purpose o f  th e  s im u la tio n  re p o r te d  h e re  was to  t e s t  
the  lo g ic a l  s t r u c t u r e  o f  th e  ax io m a tic  sy stem , a s  w e ll  a s ,  p ro v id e  p ro ­
cedu res f o r  developm ent. One m ajor t e s t  o f  th e  system  m ust rem ain  i t s  
v a l id i t y  in  e m p ir ic a l  d a ta .  In  f a c t ,  a s  a p r i o r i t y  in  r e s e a r c h ,  th i s  
s te p  would be c o n s id e re d  v ery  im p o rta n t. R esearch a lo n g  t h i s  l in e  may 
move through s e v e r a l  p h a se s , each  o f  w hich i s  r e l a t e d  to  th e  o th e rs .
The f i r s t  phase  o f  re s e a rc h  in v o lv es  a nom inal d e c is io n .  Do 
th e  r e l a t i o n s  e x i s t  o r n o t?  I f  they  do e x i s t ,  fo r  w hich language c a t e ­
g o r ie s  o r b e h a v io rs  do th e y  e x i s t ?  G eneral h y p o th eses  and re s e a rc h  
d es ig n s  a t  t h i s  s ta g e  may p roceed  a long  sim ple  p r o p o r t i o n a l i t y  t e s t s .  
The cu rves e i t h e r  f i t  o r th e y  do n o t .  In  r e l a t i o n  to  t h i s  p h ase , 
s p e c i f i c  tim e p a ram ete rs  m ust be e s ta b l i s h e d .  T h is s te p  may e n t a i l  
long range  re s e a rc h  p r o je c t s .  To f in d  th a t  in  100 dy ad ic  in t e r a c t io n s  
which took  p la c e  fo r  10 m in u te s , th a t  th e  cu rv es  do n o t  f i t  would be 
v a lu a b le  in fo rm a tio n , b u t  w ould n o t be a com plete t e s t  o f  th e  ax io m atic  
system . On th e  o th e r  hand , a long  range  s tu d y  o f  i n t e r a c t io n s  over a 
y e a r 's  tim e w hich f a i l s  to  produce any o f  the  r e l a t i o n s  would be e v i ­
dence th a t  th e  system  was being  f a l s i f i e d * .  S ince  th e  tim e param eter 
p la y s  such an im p o rta n t r o le  in  the  system , s p e c ia l  a t t e n t i o n  should  
be p laced  on e s ta b l i s h in g  p aram eters  which f i t  d i f f e r e n t  re s e a rc h
*To a id  in  th e  c o l l e c t io n  and a n a ly s is  o f  d a ta ,  a program 
w r i t t e n  by Cummings and Renshaw (1975) may be u sed . Appendix A con­
ta in s  th e  c a te g o r ie s  an a lyzed  by th i s  program . Using punched ca rd s  
fo r  in p u t ,  th e  program  a n a ly zes  each message acc o rd in g  to  th e  language 
c a te g o r ie s  under c o n s id e ra t io n .  S ince  th e  program  produces index 
c a rd s  and punched o u tp u t ,  a n a ly s is  i s  c o n s id e ra b ly  sh o r te n e d .
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s i t u a t i o n s .  Examples o f  dummy d a ta  w hich d id  n o t f i t  th e  s im u la tio n  
may n o t occur in  a c tu a l  d a ta .  I f  th e se  s i tu a t io n s  do o ccu r in  a c tu a l  
d a ta ,  d i f f e r i n g  tim e u n i t s  used to  e s t a b l i s h  e s tim a te d  d i f f e r e n c e  
e q u a tio n s  may be needed. As a t h i r d  p h ase , a t t e n t i o n  m ust be p laced  
on th e  use  o f th e  tan h  fu n c tio n . O ther e q u a tio n s  such  as th o se  used 
in  th e  s im u la tio n  may g iv e  b e t t e r  f i t  to  s p e c i f i c  d a ta .  In  th e se  f i r s t  
th re e  p h a se s , r e s e a rc h  d es ig n ed  to  f a l s i f y  o r  add su p p o rt to  th e  
ax io m atic  system  m ust in c lu d e : ( 1 ) c o l l e c t i o n  o f  language d a ta  in
d i f f e r i n g  com m unication s i tu a t io n s  and in  d i f f e r i n g  tim e  fram es, ( 2 ) th e  
a n a ly s is  o f  t h i s  d a ta  in to  word indexes f o r  s p e c i f i c  tim e i n t e r v a l s ,
(3 ) th e  d e r iv a t io n  o f  an e q u a tio n  o f  b e s t  f i t  to  th e  a c tu a l  d a ta ,
(4 ) a com parison o f  th a t  e q u a tio n  w ith  th e  one p re d ic te d  by th e  m odel,
(5) i n i t i a t i o n  o f  any re a sse ssm e n t o f  tim e p a ram e te rs  o r  eq u a tio n s  i f  
th e  m odel does n o t f i t ,  and (6 ) a p r o p o r t i o n a l i t y  t e s t  to  d e te rm in e  the  
e x is te n c e  o f  th e  r e l a t i o n s  in  a sam ple o f  s i z e  n .
Fo llow ing  th e  i n i t i a l  phases o f  r e s e a rc h  in  th e  v a l id a t io n  o f  
th e  r e l a t i o n s ,  f u r th e r  t e s t i n g  o f  th e  system  m ust in v o lv e  h ypo theses  
concerned  w ith  com binations o f th e  r e l a t i o n s .  A gain , t h i s  re s e a rc h  
may p roceed  a lo n g  nom inal l i n e s .  For each  o f  th e  axioms and theorem s 
o r i g i n a l l y  in  th e  sy stem , as  w e ll a s  th o se  d e r iv e d  th ro u g h  th e  s im u la ­
t i o n ,  e x is te n c e  i s  an e i t h e r - o r  q u e s t io n . C om plicated  s t a t i s t i c a l  
d e s ig n s  w i l l  n o t  be n e c e ssa ry  to  t e s t  th e se  r e l a t i o n s .  In  f a c t ,  th e  
e x is te n c e  o f one in t e r a c t io n  in  w hich th e  t r a n s i t i v e  p ro p e r ty  o f  Sha, 
fo r  exam ple, does n o t h o ld ,  would be s u f f i c i e n t  ev id en ce  th a t  th e  axiom 
does n o t  h o ld . Such a f in d in g  would c e r t a i n l y  n e c e s s i t a t e  a re -e v a lu a -  
t io n  o f  th e  ax io m atic  system .
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In  g e n e ra l ,  r e s e a rc h  in  t h i s  a re a  sh o u ld  p ro v id e  answ ers to  
th e  fo llo w in g  q u e s t io n s :  (1 ) Do th e  r e l a t i o n s  h o ld ,  and i f  s o ,  f o r
what s p e c i f i c  language c a te g o r ie s ?  (2 ) I f  th e  r e l a t i o n s  o c c u r , in  
w hat s i t u a t io n s  do th e y  o ccu r?  (3 ) I f  th e  r e l a t i o n s  do o c c u r , do th e  
axioms and theorem s h o ld  in  a l l  c a se s?
R e la t io n  to  O ther V a r ia b le s  
R esearch  p ro s p e c ts  o u t l in e d  in  th e  p re v io u s  s e c t io n  a re  d e­
s ig n ed  to  t e s t  th e  e m p ir ic a l  v a l i d i t y  o f  th e  a x io m a tic  system  as a 
co ncep t in  i t s e l f .  F u l l  v a l i d i t y  o f  th e  sy stem  as  e i t h e r  a d e s c r ip t iv e  
o r  p r e d ic t iv e  to o l  i n  com m unication w i l l  n e c e s s i t a t e  s tu d ie s  r e l a t i n g  
i t  to  o th e r  v a r ia b le s  and c o n c e p ts* . Such r e s e a r c h  sh o u ld  a ls o  p ro v id e  
a view o f  th e  system  in  r e l a t i o n  to  th e  b a s ic  assu m p tio n s u n d e rly in g  i t .
In  th e  a re a  o f  sm a ll g ro u p s , th e  ax io m a tic  system  cou ld  be 
s tu d ie d  in  r e l a t i o n  to  co n c e p ts  such a s  le a d e r s h ip ,  pow er, s t a t u s ,  
d e v ia te s ,  p ro p in q u i ty ,  n e tw o rk s , and c o n se n su s . Some p o s s ib le  hypo­
th e se s  r e l a t i n g  th e  system  to  th e se  v a r ia b le s  m igh t in c lu d e  th e  
fo llo w in g :
H^: T here w i l l  be  a c o r r e l a t i o n  betw een  Mef b e h a v io rs
and d em o cra tic  le a d e r s h ip .* *
H2 : T here w i l l  be a c o r r e l a t i o n  betw een c o u n te r -sh a p in g
b eh av io r and d e v ia te  b e h a v io r  w ith in  g ro u p s .* * *
*See G u ilfo rd  (1954) fo r  a d is c u s s io n  o f  t h i s  ty p e  o f  v a l i d i t y .
**See S e lv in  (1960) f o r  d is c u s s io n  o f  d em o cra tic  le a d e r s h ip .
***See S c h a c h te r  (1951) fo r  a d is c u s s io n  o f  d e v ia t io n .
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Hg: Group m orale  w i l l  in c re a s e  a s  th e  number o f  Mef
(m utual e f f e c t )  r e l a t i o n s  in c re a s e s  w ith in  a g ro u p .*
T hese h y p o th eses  a re  on ly  a few o f  th e  many w hich m ight be advanced in  
r e l a t i o n  to  th e  ax io m atic  sy stem . They have p u rp o se ly  been  worded in  
d i f f e r e n t  ways to  g iv e  a g e n e ra l view  o f  th e  p o s s i b i l i t i e s .
In  th e  a re a  o f  language developm ent, th e re  a re  s e v e ra l  i n t e r ­
e s t in g  a re a s  o f  r e s e a rc h  w hich may be p u rsu e d . As an a l t e r n a t i v e  to  a 
s t r i c t l y  le a rn in g  th e o ry  app ro ach , one m ight a s s e s s  th e  r e l a t i o n  b e ­
tween shap ing  and le a r n in g ,  b u t  a l s o  d e te rm in e  a t  w hat tim e in  a 
c h i l d 's  developm ent t h i s  r e l a t i o n  becomes one o f  m u tu a l- e f f e e t  o r 
c o u n te r-sh a p in g  (See Cummings, 1974c). Such s tu d ie s  would a id  in  th e  
v a l id a t io n  o f  th e  system  as a u s e fu l  to o l  in  d e s c r ib in g  com m unication 
b e h a v io rs  over tim e .
S ince  one o f  th e  assum ptions  o f  th e  ax io m atic  system  i s  th a t  
p r o b a b i l i ty  p la y s  an e s s e n t i a l  r o le  in  com m unication b e h a v io r , f u r th e r  
c o n s t r u c t  v a l i d i t y  o f  th e  system  w ould seem to  n e c e s s i t a t e  s tu d ie s  o f 
i t s  r e l a t i o n  to  o th e r  v a r ia b le s  w hich m ight in f lu e n c e  th o se  p r o b a b i l i ­
t i e s ,  For exam ple, w hat p r io r  s y n ta c t i c  o r  c o g n i t iv e  b e h a v io rs  le ad  to  
th e  ch o ice  o f  c e r t a in  c a te g o r ie s ?  I s  th e re  a r e l a t i o n  betw een p r io r  
le a rn in g  and s u s c e p t i b i l i t y  t o  sh ap in g  o r  m utual e f f e c t ?  O v e ra l l ,  some 
o f  th e  m ost im p o rta n t q u e s tio n s  w hich may be r a i s e d  in  t h i s  a re a  o f  
re s e a rc h  in v o lv e  th o s e  v a r ia b le s  w hich le a d  to  one o r  more o f  th e  d e ­
f in e d  r e l a t i o n s .  Though th e  system  may p ro v id e  a d e f i n i t i v e  e x p la n a tio n  
o r d e s c r ip t io n  o f  in t e r a c t iv e  language b e h a v io rs ,  i t s  developm ent in
*See Homans (1950) f o r  a d is c u s s io n  o f  m orale  and s a t i s f a c t i o n  
w ith in  a g roup .
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r e l a t i o n  to  o th e r  f a c to r s  w hich in f lu e n c e  the  r e l a t i o n s  seems to  be a 
n e c e s s i ty .
The B roader C o n tex t 
T here a re  s e v e ra l  p ro sp e c ts  fo r  developm ent and use o f  th e  
ax io m a tic  system  in  th e  s tu d y  o f  com m unication. The m ajor g u id e lin e  in  
th e  developm ent o f th e  system  was t h a t  a th e o r e t i c a l  approach which 
combined b o th  s t r u c t u r a l  and fu n c t io n a l  approaches was n o t o n ly  ap p ro ­
p r i a t e  a t  t h i s  tim e , b u t a l s o  n e c e ss a ry  i f  com m unication was to  be 
s tu d ie d  as p ro c e s s .  The m ost im p o rta n t e lem ent o f  th e  system  invo lves  
th e  a tte m p t to  d e s c r ib e  i n t e r a c t io n  in  r e l a t i o n  to  tim e . The elem ent 
o f  tim e seems to  p ro v id e  a b a s is  on w hich a t r u l y  sy stem ic  view o f 
com m unication may be o b ta in e d . As su ch , th e  a p p l ic a t io n  o f  th e  system  
to  s o c ia l  and c u l t u r a l  c o n te x ts  w ould seem most a p p r o p r ia te .  For 
exam ple, th e  s o c i a l i z a t i o n  o f  an  in d iv id u a l  th rough  language in t e r a c ­
t i o n  may be s tu d ie d  in  term s o f  th e  b a s ic  r e l a t io n s  in v o lv e d . Like th e  
example i n  th e  p rev io u s  s e c t io n  on language b e h a v io r ,  an im p o rtan t 
q u e s tio n  h e re  would be a t  what p o in t  th e  in d iv id u a l  c ea se s  to  be 
shaped and in s te a d  d evelops mef r e l a t i o n s .  In  o th e r  c o n te x ts ,  the 
a x io m a tic  system  would seem to  be  a p p l ic a b le  to  s tu d ie s  in  fam ily  
c o u n s e lin g , o rg a n iz a t io n s ,  and e d u c a tio n . For exam ple: What types o f
r e l a t i o n s  e x i s t  betw een p a re n ts  and c h i ld re n ?  What ty p e s  o f  language 
b e h a v io rs  and r e l a t i o n s  a re  m ost con g ru en t w ith  h ig h  m orale  o r  p roduc­
t i v i t y  in  o rg a n iz a tio n s ?  These q u e s tio n s  would seem q u i te  open to  
a n a ly s is  and s tu d y  in  r e l a t i o n  to  th e  system .
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O v e ra ll ,  the  ax io m atic  sy stem , w ith  e m p ir ic a l  v a l id a t io n ,  
would seem to  p ro v id e  a means o f  e x p la in in g  and p r e d ic t in g  i n t e r ­
dependent com m unication b e h a v io rs . Knowing th e  r e l a t i o n s  betw een 
c e r t a in  in d iv id u a ls  o r g ro u p s , one m ight p r e d ic t  w hat would occur when 
c e r t a in  com binations a re  taken  to g e th e r .  Through f u r th e r  developm ent, 
th e  system  may p ro v id e  th e  b a s is  f o r  a t r u ly  " p ro c e s s "  th e o ry  o f 
com m unication.
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KEY TO MATHEMATICAL SYMBOLS
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The fo llo w in g  symbols a r e  u t i l i z e d  in  th e  ax io m atic  system  
p re se n te d  in  C hap ter I I .  A l i s t  o f  r e fe re n c e s  has a ls o  been in c lu d ed  
f o r  th e  re a d e r  who is  u n fa m il ia r  w ith  some b a s ic  co n cep ts  in  a lg e b ra ,  
s e t  th e o ry , and c a lc u lu s .  The l i s t  i s  on ly  r e p r e s e n ta t iv e .  There a re  
numerous te x t s  on th e se  s u b je c t s .
Symbol D e f in i t io n
AÊB A is  a s u b se t o f  B
a€A a i s  an elem ent o f  A
0 The n u l l  o r  empty s e t
I a i s  summed n tim es
| a |  th e  a b s o lu te  v a lu e  o f  a
( i f  a 0 , a = a . )
( i f  a 0 , a =-a )
( i f  a=0 , a = 0 )
change in  a ,  (d e f in e d  in  t e x t )
dy th e  d e r iv a t iv e  o f  y w ith  r e s p e c t
dx to  X (See Thomas, 1969 below ;
pp. 5 9 -9 8 ).
acb a le s s  th an  b
a>b a g r e a te r  than  b
* m u l t ip l i c a t io n ,  u sed  on ly  in
s ta te m e n ts  w ith in  system
ai-h a n o t g r e a te r  th a n  b
a-f(b a n o t le s s  th an  b
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I n s t r u c t io n s  fo r  Reading O utput 
The fo llo w in g  pages g iv e  r e p r e s e n ta t iv e  exam ples o f  th e  p lo ts  
o f th e  b a s ic  r e l a t i o n s .  Each p lo t  o f  th e  b a s ic  r e l a t i o n  between 
Wg and w^ j i s  p receded  by a p lo t  o f e i t h e r  th e  s i m i l a r i t y  e q u a tio n  
(1-D) o r  th e  d i f f e r e n c e  e q u a tio n  (1 -S ) .  The s i m i l a r i t y  e q u a tio n  i s  
no ted  fo r  examples o f  Sha and M ef. The d i f f e r e n c e  e q u a tio n  i s  p r in te d  
f o r  examples o f CSha and CMef. For each o f  th e  r e l a t i o n s ,  th e  equa­
t io n  fo r  Wg i s  g iven  (w^=Wg-I 1 - S |) .  V alues f o r  each o f  Wg, w^, S o r  
D, and t  a re  p r in te d .  I d e n t i f i c a t i o n  o f  w hich p lo t  r e p re s e n ts  the  
a p p ro p r ia te  w may be d e term ined  by th e se  v a lu e s .  The r e l a t i o n  exem pli­
f i e d  has  been no ted  a t  th e  to p  o f  each page.
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I n s t r u c t i o n s  f o r  Reading Output 
Each' item  m entioned in  th e  i n s t r u c t i o n s  i s  numbered fo r  
r e f e r e n c e  in  th e  o u tp u t .  S ince  th e  program f i r s t  an a ly z e s  each i n d i ­
v id u a l  c a s e ,  the  f i r s t  page o f  p r i n t - o u t  in c lu d e s  th e  index  v a lu e s  f o r  
each person  a t  time 0 and time 1 ( 1 ) .  E s tim a ted  e q u a t io n s  (2) a re  
then  p r i n t e d ,  and i f  the  model does n o t  f i t ,  t h i s  i s  s u p p l ie d  w ith  
the  e q u a t io n  (3 )* .  E quations  f o r  th e  d i f f e r e n c e  ( e s t im a te d )  sc o re s  
a re  then p r in t e d  (4) and i n d i c a t i o n  i f  th e  model does n o t  f i t  (5 ) .  I f  
one o f  th e  nonsym etric  r e l a t i o n s  i s  found between i n d i v i d u a l s ,  t h i s  i n ­
fo rm ation  i s  s u p p l i e d ,  i . e .  ISha 2 f o r  example ( 6 ) .  I f  one o f  the 
o th e r  r e l a t i o n s  e x i s t s ,  t h i s  i s  in d i c a te d  (7 ) .  The program then  p r i n t s  
a t a b le  o f  v a lu e s  which in c lu d e s  time ( 8 ) ,  indexes ( 9 ) ,  computed d i f ­
fe re n c e s  (1 0 ) ,  and e s t im a te d  d i f f e r e n c e s  (1 1 ) .
Follow ing  th e  l a s t  c a s e ,  examples o f  i n t e r a c t i o n  com binations  
a re  r e p o r te d  ** . The p r i n t o u t  looks v i r t u a l l y  th e  same ex ce p t t h a t  
i n t e r a c t i o n  com bina tion  v a lu es  a r e  u sed .  The number o f  th e  i n t e r a c t  
com bination i s  p r in t e d  (12) and then  th e  numbers o f  th e  persons  which 
com prise t h a t  "icomb" (1 3 ) .  The i n i t i a l  icomb v a lu e  a t  time 0 i s  th e n  
p r in te d  (1 4 ) .
"k
An example o f  3 may be found in  th e  6 th  c a s e .  
**
Follow ing c a s e  12.
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